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;1 Integrated Circuits* 



Wit- 



Digital-to-analog (D/A) conversion is the process of converting digital codes into a continuous 
range of analog signal levels. Analog-to-digital (A/D) conversion is the process of converting a con- 
tinuous range of analog signal levels into digital codes. Such conversion processes are necessary to 
interface real- world systems, which typically monitor continuously varying analog signals, with 
digital systems that process, store, interpret, and manipulate the analog values. 

D/A and AID conversion circuits are available as integrated circuits (ICs) from many manufac- 
turers. A huge array of ICs exists, consisting of not only the D/A or A/D conversion circuits, but 
also closely related circuits such as sample-and-hold amplifiers, analog multiplexers, vdltage-to- 
frequency and frequency-to- voltage converters, voltage references, calibrators, operation ampli- 
fiers, isolation amplifiers, instrumentation amplifiers, active filters, dc-to-dc converters, analog 
interfaces to digital signal processing systems, and data acquisition subsystems. Data books from 
the IC manufacturers contain an enormous amount of information about these devices and their 
applications to assist the design engineer. 

The ICs discussed in this chapter will be strictly the D/A and A/D conversion circuits. Table 31.1 
lists a small sample of the variety of the D/A and A/D converters currently available. The ICs usu- 
ally perform either D/A or A/D conversion. There arc serial interface ICs, however, typically for 
high-performance audio and digital signal processing applications, that perform both A/D and 
D/A processes. 

D/A and A/D Converter Performance Criteria 

The major factors that determine the quality of performance of D/A and A/D converters are resolu- 
tion, sampling rate, speed, and linearity. 

The resolution of a D/A circuit is the smallest change in the output analog signal. In an A/D sys- 
tem, the resolution is the smallest change in voltage that can be detected by the system and that can 

"Kxcerpis from Digital Logic: Analysis, Application ami Design, by Susan Garrod and Robert Burns, copy- 
right & 1991 by Saunders College Publishing, reprinted by permission of the publisher. Material regarding the 
advanced technical details of the ICs has been taken from data hnnk& that ;ire listed in the reference section at 
the end of this chapter. 
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Table 31.1 D/A and A/D Integrated Circuits 



D/A Converter ICs 

IC 



Resolution (bits) 



Multiplying 
v$. Fixed Reference 



Settling Time (us) Input Data Formal 



Analog Devices AD558 
Analog Devices AD7524 
Analog Devices AD390 
Analog Devices AD1856 
Burr- Brown DAC729 
DATEL DAC-08B 
National DAC0800 
TI AD7533 or TLC7533 

A/D Converter ICs 
1C 



8 

Quad, 12 
16 
18 

8 

S 
10 



Fixed reference 
Multiplying 
Fixed reference 
Fixed reference 
Fixed reference 
Multiplying 
Multiplying 
Multiplying 



3 

0.400 
8 

1.5 
8 

0.085 

0.1 

0.15 



Parallel 

Parallel 

Parallel 

Serial^ 

ParaUel 

Parallel 

Parallel 

ParaUel 



Resolution (bits) Signal Inputs Conversion Speed (us) Output Data Form at 



Analog Devices AD572 * 


12 


1 


25 


Serial 8c parallel 


Burr-Brown ADC804 


12 


1 


17 


Serial 


Burr-Brown ADC700 


16 


1 


17 


Serial 8c parallel 


DATEL ADC- 208 


8 


1 


35 


Parallel 


DATEL ADC-830 


8 


I 


100 


Parallel 


National ADCI005B 


10 


I 


50 


Parallel 


TI. National ADC0808 


8 


8 


100 


ParaUel 


TI. National ADC0834 


8 


4 


84 


Serial 


TI TLC0820 


8 


I 


1 


Parallel 


TITLCI540 


10 


11 


31 


Serial 


A/D and D/A Interface ICs 










IC 


Resolution (bits) 


On-Board Filters 


Sampling Rate (kHz) 


Data Format 


TI TLC3204O 


14 


Yes 


19.2 (programmable 


Serial 


TI 2914 PCM codec 8c filter 


8 


Yes , 


8 


Serial 



produce a change in the digital code. The resolution determines the total number of digital codes, 
or quantization levels, that will be recognized or produced by the circuit. 

The resolution of a D/A or A/D IC is usually specified in terms of the bits in the digital code or in 
terms of the least significant bit (LSB) of the system. An n-bit code allows for 2" quantization lev- 
els, or 2" - 1 steps between quantization levels, as shown in Fig. 31.1. As the number of bits 
increases, the step size between quantization levels decreases, therefore increasing the accuracy of 
the system when a conversion is made between an analog and digital signal. The system resolution 
can be specified also as the voltage step size between quantization levels. For A/D circuits, the reso- 
lution is the smallest input voltage that is detected by the system. 

The speed of a D/A or A/D converter is determined by the time it takes to perform the conversion 
process. For D/A converters, the speed is specified as the settling time. For A/D converters, the speed 
is specified as the conversion time. The settling time for D/A converters will vary with supply volt- 
age and transition in the digital code; thus, it is specified in the data sheet with the appropriate con- 
ditions stated. 

A/D converters have a maximum sampling rate that limits the speed at which they can perform 
continuous conversions. The sampling rate is the number of times per second that the analog sig- 
nal can be sampled and converted into a digital code. For proper A/D conversion, the minimum 
sampling rate must be at least two times the highest frequency of the analog signal being sampled 
to satisfy the Nyquist sampling criterion. The conversion speed and other timing factors must be 
taken into consideration to determine the maximum sampling rate of an A/D converter. Nyquist 
A/D converters use a sampling rate that is slightly more than twice the highest frequency in the 
analog signal. Oversampling A/D converters use sampling rates of N times this rate, where N typ- 
ically ranges from 2 to 64. 
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Parallel 

Parallel 

Parallel 
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Parallel 

Parallel 

Parallel 

Parallel 
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Serial & parallel 
Serial 

Serial & parallel 

Parallel 

Parallel 

Parallel 

Parallel 

Serial 

Parallel 

Serial 
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FIGURE 31.1 A/D conversion — 4-bit resolution. (Source: Digital Logic: 
Analysis, Application, and Design by Susan Garrod and Robert Borns, copy- 
right © 1991 by Saunders College Publishing, p. 893. Reprinted by permis- 
sion of the publisher.) 

Both D/A and A/D converters require a voltage reference in order to achieve absolute measure- 
ment accuracy. Some conversion ICs have internal voltage references, while others accept external 
voltage references. For high-performance systems, an external precision reference is needed to 
ensure long-term stability, load regulation, and control over temperature fluctuations. External 
precision voltage reference ICs can be found in manufacturers* data books. 

Measurement accuracy is specified by the converter's linearity. Integral linearity is a measure of 
linearity over the entire conversion range. It is often defined as the deviation from a straight line 
drawn between the endpoints and through zero (or the offset value) of the conversion range. Inte- 
gral linearity is also referred to as relative accuracy. The offset value is the reference level required to 
establish the zero or midpoint of the conversion range. Differential linearity is the linearity between 
code transitions. Differential linearity is a measure of the monotonicity of the converter. A con- 
verter is said to be monotonic if increasing input values result in increasing output values. 

The accuracy and linearity values of a converter are specified in the data sheet in units of the LSB 
of the code. The linearity can vary with temperature, so the values are often specified at +25°C as 
well as over the entire temperature range of the device. 

D/A Conversion Processes 

Digital codes are typically converted to analog voltages by assigning a voltage weight to each bit in 
the digital code and then summing the voltage weights of the entire code. A general D/A converter 
consists of a. network of precision resistors, input switches, and level shifters to activate the switches 
to convert a digital code to an analog current or voltage. D/A ICs that produce an analog current 
output usually have a faster settling time and better linearity than those that produce a voltage out- 
put. When the output current is available, the designer can convert this to a voltage through the 
selection of an appropriate output amplifier to achieve the necessary response speed for the given 
application. 

D/A converters commonly have a fixed or variable reference level. The reference level determines 
the switching threshold of the precision switches that form a controlled impedance network, which 
in turn controls the value of the output signal. Fixed reference D/A converters produce an output 
signal that is proportional to the digital input. Multiplying D/A converters produce an output sig- 
nal that is proportional to the product of a varying reference level times a digital code. 
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D/A converters can produce bipolar, positive, or negative polarity signals. A four-quadrant mul- 
tiplying D/A converter allows both the reference signal and the value of the binary code to have a 
positive or negative polarity. The four-quadrant multiplying D/A converter produces bipolar out- 
put signals. 



D/A Converter ICs 

Most D/A converters are designed for general-purpose data acquisition applications. Some D/A 
converters, however, are designed for special applications, such as video or graphic outputs, high- 
definition video displays, ultra high-speed signal processing, digital video tape recording, digital 
attenuators, or high-speed function generators. 

D/A converter ICs often include special features that enable them to be interfaced easily to 
microprocessors or other systems. Microprocessor control inputs, input latches, buffers, input reg- 
isters, and compatibility to standard logic families are features that are readily available in D/A ICs. 
In addition, the ICs usually have laser-trimmed precision resistors to eliminate the need for user 
trimming to achieve full-scale performance. 

A small sample of specific D/A converter ICs will be discussed in this section to illustrate their 
operation. Numerous D/A converter ICs exist for D/A applications that should be investigated by 
examining the data books published by the IC manufacturers. 

AD558 D/A Converter by Analog Devices 

The AD558 is a fixed reference D/A converter by Analog Devices that produces an output voltage 
proportional to the digital input code. The output voltage is calibrated over two voltage ranges: 0 to 
2.56 V and 0 to 10.00 V. The functional block diagram for the AD558 is shown in Fig. 3 1 .2. 

The AD558 is an 8-bit D/A converter. The functions shown in the block diagram in Fig. 31.2 
enable the AD558 to be interfaced directly to microprocessors or other circuitry, because of its input 
latches, control signals, internal precision voltage reference, and output amplifier. The input latches 
for the digital code can be controlled for microprocessor interfacing to accept a new digital code or 
to latch the given digital code, or they can be disabled for direct D/A conversion interfacing. 

The AD558 is designed to operate with a single power supply of +4.5 to +16.5 V*. The output 
voltage range is unipolar, from 0 to +2.56 V or from 0 to +10 V, depending on the power supply 
and output amplifier configuration. 

The output settling time varies with the output voltage range, the output load, and whether the 
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FIGURE 31.2 D/A converter: AD558 funcnonul block digram. 
(Sounc: AD558 D/A Converter Daia Sheet. Arming Dcvucv / htta Conver- 
sion Products Ontabook, Analog Devices, Inc.. Norwoud. Mass., l9iJ9/9U, 
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FIGURE 31.3 D/A converter: AD7524 functional block diagram. 
{Source: AD7524 D/A Converter Data Sheet. Analog Devices Data 
Conversion Products Databook, Analog Devices, Inc. Norwood, Mass., 
1989/90, p. 2-235. With permission.) 
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output is positive-going or negative-going. For a positive-going full-scale to±LSB output, the max- 
imum settling time is 1.5 Us for the 2.56- V output range and 3 us for the 10-V output range. 

Relative accuracy varies from ±0.25 to ±0.75 LSB, depending on the temperature range and laser 
trimming of the device. Full-scale accuracy is ±1.5 LSB at +25°C and ±2.5 LSB over the entire tem- 
perature range. The AD558 is available in packages rated for performance over a temperature range 
of 0 to +70°C or the range -55 to +125°C ! 

AD7524 D/A Converter by Analog Devices 

The AD7524 varying reference D/A converter IC by Analog Devices produces an output current 
that is a product of the 8-bit digital input code and an input reference voltage. The functional block 
diagram for the AD7524 is shown in Fig. 31.3. The AD7524 is capable of 2- or 4-quadrant multi- 
plication when the reference voltage is varied. 

As shown in Fig. 31.3, the AD7524 consists of an R/2R resistor ladder, data latches, and micro- 
processor interface logic. The AD7524 is often used with a voltage reference and an output ampli- 
fier to produce an output voltage. The manufacturer recommends this circuit for general-purpose 
microprocessor-controlled applications such as function generators, attenuators, and precision 
automatic gain control circuits. 

The AD7524 is designed to operate with a power supply of ±4.5 to ±18 V. The output can be 
unipolar or bipolar, depending on the output amplifier configuration, as shown in Fig. 31.4. The 
output settling time varies with the input reference voltage, digital code transition, and output load. 
The maximum settling time, with a V ulJ of + 5 V, is 400 ns for 0.5 LSB accuracy over the full scale. 

A/D Conversion Processes 

Analog signals can be converted to digital codes by many methods, including integration, succesive 
approximation, parallel (flash) conversion, delta modulation, pulse code modulation, and sigma- 
delta conversion. Two of the most common A/D conversion processes are successive approximation 
A/D conversion and parallel or flash A/D conversion. Very high-resolution digital audio or video 
systems require specialized A/D techniques that often incorporate one of these general techniques as 
well as specialized A/D conversion processes. Examples of specialized A/D conversion techniques are 



776 



Electronics 




NOTtS: 

AOJUSTMtMT « MQUlMD 
X. CimASf COMPCttSATlO»1Ht*-1t»FI 

;s SEoumtftwHi h using high enco 

AMftlFlf AS rOPHEVf NT RMClMC OH 
OSClLlATKM. 




NQTCS 

I ADJUST 111 fOn Vgvf - OV AT COOI VO0O00QQ 
t CI PMASI COHMNSATIOH l»- %%mf I MAV It 
MOUIftID if A1 * A HtCM S« CD AMPllFlCR. 



FIGURE 31.4 D/A converter: AD 7524 unipolar and bipolar operation, circuit configurations. {Source: AD7524 D/A 
Converter Data Sheet, Analog Devices Data Conversion Products Databook, Analog Devices, Inc., Norwood, Mass., 
1989/90. p. 2-239. With permission.) 

pulse code modulation (PCM), and sigma-delta conversion. PCM is a common voice encoding 
scheme used not only by the audio industry in digital audio recordings but also by the telecommu- 
nications industry for voice encoding and multiplexing. Sigma-delta conversion is an oversampling 
A/D conversion where signals are sampled at very high frequencies. It has very high resolution and 
low distortion and is being used in the digital audio recording industry. 
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FIGURE 31.5 Successive approximation A/D converter block diagram. (Source: Digital 
Logic: Analysis, Application, and Design by Susan Garrod and Robert Boms, copyright © 1991 
by Saunders College Publishing, p. 919. Reprinted by permission of the publisher.) 
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FIGURE 31.6 Flash A/D converter block diagram. {Source: Digital Logic Analysis. Appli- 
cation, and Design by Susan Garrod and Robert Boms, copyright © 1991 by Saunders Col- 
lege Publishing, p. 928. Reprinted by permission of the publisher.) 

Successive approximation A/D conversion is a technique that is commonly used in medium- to 
high-speed data acquisition applications. It is one of the fastest A/D conversion techniques that 
requires a minimum amount of circuitry. The conversion times for successive approximation A/D 
conversion typically range from 10 to 300 fls for 8-bit systems. 

The successive approximation A/D converter can approximate the analog signal to form an n-bit 
digital code in n steps. The successive approximation register (SAR) individually compares an ana- 
log input voltage to the midpoint of one of n ranges to determine the value of one bit. This process 
is repeated a total of n times, using n ranges, to determine the n bits in the code. The comparison is 
accomplished as follows: The SAR determines if the analog input is above or below the midpoint 
and sets the bit of the digital code accordingly. The SAR assigns the bits beginning with the most 
significant bit. The bit is set to a 1 if the analog input is greater than the midpoint voltage, or it is set 
to a 0 if it is less than the midpoint voltage. The SAR then moves to the next bit and sets it to a t or 
a 0 based on the results of comparing the analog input with the midpoint of the next allowed range. 
Because the SAR must perform one approximation for each bit in the digital code, an n-bit code 
requires n approximations. 

A successive approximation A/D converter consists of four functional blocks, as shown in 
Fig. 31.5: the SAR, the analog comparator, a D/A converter, and a clock. 

Parallel or flash AID conversion is used in high-speed applications such as video signal processing, 
medical imaging, and radar detection systems. A flash A/D converter simultaneously compares the 
input analog voltage to 2 n - 1 threshold voltages to produce an n-bit digital code representing the 
analog voltage. Typical flash A/D converters with 8- bit resolution operate at 20 to 100 MHz. 
The functional blocks of a flash A/D converter are shown in Fig. 31.6. The circuitry consists of a 
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precision resistor ladder network, 2"- I analog comparators, and a digital priority encoder. The 
resistor network establishes threshold voltages for each allowed quantization level. The analog 
comparators indicate whether or not the input analog voltage is above or below the threshold at 
each level. The output of the analog comparators is input to the digital priority encoder. The prior- 
ity encoder produces the final digital output code that is stored in an output latch. 

An 8-bit flash A/D converter requires 255 comparators. The cost of high-resolution A/D con- 
verters escalates as the circuit complexity increases and as the numberof analog converters rises by 
2" - I. As a low-cost alternative, some manufacturers produce modified flash A/D converters that 
perform the A/D conversion in two steps to reduce the amount of circuitry required. These modi- 
fied flash A/D converters are also referred to as half flash A/D converters, since they perform only 
half of the conversion simultaneously. 

A/D Converter ICs 

A/D converter ICs can be classified as general -purpose, high-speed, flash, and sampling A/D con- 
verters. The general-purpose A/D converters are typically low speed and low cost, with conversion 
times ranging from 2 jls to 33 ms. A/D conversion techniques used by these devices typically 
include successive approximation, tracking, and integrating. The general-purpose A/D converters 
often have control signals for simplified microprocessor interfacing. These ICs are appropriate for 
many process control, industrial, and instrumentation applications, as well as for environmental 
monitoring such as seismology, oceanography, meteorology, and pollution monitoring. 

High-speed A/D converters have conversion times typically ranging from 400 ns to 3 (is. The higher 
speed performance of these devices is achieved by using the successive approximation technique, 
modified flash techniques, and statistically derived A/D conversion techniques. Applications appro- 
priate for these A/D ICs include fast Fourier transform (FFT) analysis, radar digitization, medical 
instrumentation, and multiplexed data acquisition. Some ICs have been manufactured with an 
extremely high degree of linearity, to be appropriate for specialized applications in digital spectrum 
analysis, vibration analysis, geological research, sonar digitizing, and medical imaging. 

Flash A/D converters have conversion times ranging typically from* 10 to 50 ns. Flash A/D conver- 
sion techniques enable these ICs to be used in many specialized high-speed data acquisition applica- 
tions such as TV video digitizing (encoding), radar analysis, transient analysis, high-speed digital 
oscilloscopes, medical ultrasound imaging, high-energy physics, and robotic vision applications. 

Sampling A/D converters have a sample-and-hold amplifier circuit built into the IC This elimi- 
nates the need for an external sample-and-hold circuit. The throughput of these A/D converter ICs 
ranges typically from 35 kHz to 100 MHz. The speed of the system is dependent on the A/D tech- 
nique used by the sampling A/D converter. 

A/D converter ICs produce digital codes in a serial or parallel format, and some ICs offer the 
designer both formats. The digital outputs are compatible with standard logic families to facilitate 
interfacing to other digital systems. In addition, some A/D converter ICs have a built-in analog 
multiplexer and therefore can accept more than one analog input signal. 

Pulse code modulation (PCM) ICs are high-precision A/D converters. The PCM IC is often ref- 
cred to as a PCM codec with both encoder and decoder functions. The encoder portion of the codec 
performs the A/D conversion, and the decoder portion of the codec performs the D/A conversion. 
The digital code is usually formatted as a serial data stream for case of interfacing to digital trans- 
mission and multiplexing systems. 

PCM is a technique vvhere an analog signal is sampled, quantized, and then encoded as a digital 
word. The PCM IC can include successive approximation techniques or other techniques to 
accomplish the PCM encoding. In addition, the PCM codec may employ nonlinear data compres- 
sion techniques, such as companding, if it is necessary to minimize the number of bits in the out- 
put digital code. Companding is a logarithmic technique used to compress a code to fewer bits 
before transmission. The inverse logarithmic function is then used to expand the code to its orrgi- 
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FIGURE31.7 Flash A/D converter ADC- 208 simplified block dia- 
gram. (Sourer ADC-208 A/D Converter Data Sheet, DATBL Data 
Conversion Catalog, DATEL, Inc.. Mansfield, Mass., 1988, p. 1 — 11. 
With permission) 

nal number of bits before coverting it to the analog signal. Companding is typically used in 
telecommunications transmission systems to minimize data transmission rates without degrading 
the resolution of low-amplitude signals. Linear PCM conversion is used in high-fidelity audio sys- 
tems to preserve the integrity of the audio signal throughout the entire analog range. 

Digital signal processing (DSP) techniques provide another type of A/D conversion ICs. Special- 
ized AID conversion such as adaptive differential pulse code modulation (ADPCM), sigma-delta 
modulation, speech subband encoding, adaptive predictive speech encoding, and speech recognition can 
be accomplished through the use of DSP systems. Some DSP systems require analog front ends that 
employ traditional PCM codec ICs or DSP interface ICs. These ICs can interface to a digital signal 
processor for advanced A/D applications. Some manufacturers have incorporated DSP techniques 
on board the single-chip A/D IC, as in the case of the DSP56ACD 16 sigma-delta modulation IC by 
Motorola. 

A small sample of specific AID converter ICs will be discussed in this section to illustrate their 
operation. As was the case with D/A converters, numerous A/D converter ICs exist that should be 
investigated for the specific A/D application in question. 

ADC-208 Flash A/D Converter by DATEL 

The ADC-208 is an 8-bit flash A/D converter. The simplified block diagram for the ADC-208 is 
shown in Fig. 31.7. The ADC-208 consists of 256 comparators that perform the parallel or flash 
conversion of the analog input signal. The output data are available in three-state output latches 
with an overtlow detection indicator. 

The ADC-208 has a switched capacitor input stage, and therefore its input impedance is depen- 
dent on its sampling frequency. It is recommended by the manufacturer that an external input 
buffer be used because of this varying input impedance. 

The. ADC-208 is designed to operate with a single power supply of +5 V. The allowed analog input 
voltage range is 0 to +5 V. The sampling rate of the ADC-208 is 20 mega samples per second. The full 
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FIGURE 31.8 Successive approximation A/D converter: AD572 functional 
block diagram. [Source: AD572 A/D Converter Data Sheet, Analog Devices Dora 
Conversion Products Databook. Analog Devices, Inc.. Norwood. Mass., 1989/90, p. 
3-21. With permission.) 

power bandwidth is 10 MHz, adhering to the Nyquist sampling criteria. The integral linearity is ±0.5 
LSB between endpoints at ±25°C and ±1 LSB over the temperature range. Differential linearity is 
± 0.75 LSB between code transitions at ± 25 3 C and ± I LSB over the temperature range. 

The digital output is a straight binary 8-bit code. The code range is adjustable over a voltage 
range defined by the positive and negative reference voltage inputs. Two ADC-208s can be cascaded 
to achieve 9-bit resolution over the defined voltage range. 

AD571 Successive Approximation A/D Converter by Analog Devices 

The AD572 is a 12-bit A/D converter that uses the successive approximation method for conver- 
sion. The functional block diagram of the AD572 is shown in Fig. 31.8. The output data are avail- 
able in both a serial and parallel format. 

The AD572 12-bit successive approximation A/D converter has an internal clock, a +10-V volt- 
age reference, and an input buffer amplifier. Analog scaling resistors enable the AD572 to be oper- 
ated for analog input ranges of ±2.5 V,±5.(> V, ± 10 V, 0 to +5 V. or U to +10 V. The internal -H0-V 
precision voltage reference can be used for external applications. The AD572 requires a ± 15-V and 
+5-V power supply. 

The AD572 requires a conversion time of 25 u.s. The internal clock has a maximum output fre- 
quency of 500 kHz. Thirteen clock cycles are required for each conversion. 

The maximum linearity error is 0.012% of full scale. The differential linearity error is ±0.5 LSB. 
The unipolar offset error is ± 0.05% of full scale, and the bipolar offset error is ±0. 1% of full scale. 
A sample-and-hold amplifier is recommended for use between the analog source and the input to 
the AD572 if the input voltage can change by mure than 0.5 LSB during a conversion. 
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Grounding and Bypassing on D/A and A/D ICs 

D/A and A/U converter ICs require correct grounding and capacitive bypassing in order to operate 
according to performance specifications. The digital signals cm severely impair analog signals. To 
combat the electromagnetic interference induced by the digital signals, the analog and digital 
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grounds should he kept separate and should hove only one common point on the circuit board. It 
possible, this commini point should be the connection to the power supplv. 

Bypass capacitors ore required at the power connections to the It'., the reference signal inputs, 
and t lie analog in pub to minimize noi>e that is induced by the digital signals. E.ich manufacturer 
specifies the recommended bypass capacitor locations and values tn the data sheet. The 1-uT (aut.i 
lum capacitors are commonlv recommended, with additional high-frequency power supply decou- 
pling sometimes being recommended through the use of ceramic disc shunt capacitors. The man- 
ufacturers' recommendations should be followed to ensure proper per tor ma nee 



:arit> is - 0.5 
tl lineantv is 

vr a voltage 
be cascaded 



J tor omver- 
.it a ale a^ail 

r IDA' volt 
: li» be u per 
lernai - ! i" V 
j i I v\ and 

n ouipul b<- 

• i, • 0. > l.M* 
.. oi full M.aie 
I i he input io 



.Lm lo operate 
. .g signaK V" 
u; and digital 



Selection Criteria for D/A and A/D Converter IC.s 

Hundreds ot D/A and A/D converter ICs are available, with pnce.s ranging Irctm a few dollars to 
.several hundred dollars each. The .selection of the appropriate type ol converter is based on the 
application requirements ol the system, the performance requirements, and cost. The following 
issues should be considered in order tu .select the appropriate converter. 

I. What are the input and output requirements of the system? Specifv all signal current and 
voltage ranges, logic levels, input and output impedances, digital codes, data rates, and data 
formats. 

J. What lev el of accuracy is required? Determine the resolution needed throughout the analog 

voltage range, the dynamic response, the degree of linearity, and the number of bits encoding. 
}. What speed is lequired? Determine the maximum analog input frequency tor sampling in an 

A«'D system, the number of bit.s tor encoding each analog signal, and the rate of change of 

input digital aides in a D/A svstem. 
■I. What is the operating environment of the svstem? Obtain information on the temperature 

range and power supply to select a conurter thai is accurate over the operating range. 

Final selection of D/A and A/D converter It's should be made by consulting manufacturers to 
obtain their technical specifications ol the devices. Maior manufacturers of D/A and A.' I > comet t- 
_ ers include Analog Devices. Uurr-Brown. DATFL, Maxim. National. Phillips Components. Pres. ■ 
sion Monulithus. Signctio. Sony. Texan Instruments. L'ltia Analog, and Yamaha. Information on 
contacting these manufacturers and others can be found in an IC .Wi/we* t i/rinVy. 

Defining Terms 

Delta modulation: An A/ 1 1 conversion process is here the digital code out represents the change 
.a siope. ot t!ie analog input >ignal, uther than the absolute value ol the analog input signal. 
.*. i ,;»d;. -. a i : *jijv; *Uye % w the input signal. A u indicates a tailing ^lopc o; (Ik input signal 
i he sampling rate is dependent on the derivative of the signal, since a r.ipidlv changing Mg 
r.al ntniM | 1- .-, ; -tpid sampling rate loi amplabl. pel t'Hiu.u... t 

Fixed reference D/A converter "the analog output »s proportional to a liwd i n on v. living 1 lele: 
eiKc signai 

Fiash A/ 1 > I iir tasti "» i A I > com er niom process av ailable to ila'e. .ti-o i . u ncd u» a> pat.illfi A- 1 1 
^Oliver mi !"ru .iii.i!o>i >ig:ial is Minuitaneousiv evaluated l»\ .: ! comp^raUu s to pitulu^e 
an ■: bit digii.il code in i.nt sicp because of the large numbe; c iir.parators rec|tiiied. the 
Muuilr i !i it lurdi \ ; I 1 ( i >n\. | tefs ho vc v expensive l'ht> te* Innqoc i- •. omfiionb. usid in 
d: ; ::!a: ako >\ .U in-. 

Integrating A/D- i h-- analog input >:gnai is iiO''g!'a!eiJ uw 'inse :< pf»!oir .: digit.il signal t/i.it 

rep; >. sen is the :;ea mule: ilic ui;ve. oi ihenKegiai 
MuhipUn-.g t'/A v v . . t - Mi „: fio,.". . nhctc the . .11 s- <v:: ai <-M. p/oJuci of a dijS'.t! 
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Nyquist A/D converters: A/D converters that sample analog signals that have a maximum fre- 
quency that is less than the Nyquist frequency. The Nyquist frequency is defined as one-half 
of the sampling frequency. If a signal has frequencies above the Nyquist frequency, a distor- 
tion called aliasing occurs. To prevent aliasing, an antialiasing filter with a flat passband and 
very sharp roll-off is required. 

Oversampling converters: A/D converters that sample frequencies at a rate much higher than 
the Nyquist frequency. Typical oversampling rates are 32 and 64 times the sampling rate that 
would be required with the Nyquist converters. 

Pulse code modulation (PCM): An A/D conversion process requiring three steps: the analog sig- 
nal is sampled, quantized, and encoded into a fixed length digital code. This technique is 
used in many digital voice and audio systems. The reverse process reconstructs an analog sig- 
nal from the PCM code. 

Sigma-delta A/D conversion: An oversampling A/D conversion process where the analog signal is 
sampled at rates much higher (typically 64 times) than the sampling rates that would be 
required with a Nyquist converter. Sigma-delta modulators integrate the analog signal before 
performing the delta modulation. The integral of the analog signal is encoded rather than 
the change in the analog signal* as is the case for traditional delta modulation. A digital sam- 
ple rate reduction filter (also called a digital decimation filter) is used to provide an output 
sampling rate at twice the Nyquist frequency of the signal. The overall result of oversampling 
and digital sample rate reduction is greater resolution and less distortion compared to a 
Nyquist converter process. 

Successive approximation: An A/D conversion process that systematically evaluates the analog 
signal in n steps to produce an »-bit digital code. The analog signal is successively compared 
to determine the digital code, beginning with thedetermination of the most significant bit of 
the code. 
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Further Information 

Analog Devices, Inc. has edited or published several technical handbooks to a.saist design engineers 
with their data acquisition system requirements. These references should be consulted for extensive 
technical information and depth. The publications include Amdog- Digital Conversion Handbook. 
by the engineering stall" of Analog Devices, published by Prentue-Hall. Englewood Cliffs. NX. 
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1986; Nonlinear Circuits Handbook, Transducer Interfacing Handbook, and Synchro and Resoher 
Conversion, all published by Analog Devices Inc., Norwood, Mass. 

Engineering trade journals and design publications often have articles describing recent A/D and 
D/A circuits and their applications. These publications include EDN Magazine, EE Times, and IE EE 
Spectrum. 
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The first transistors assembled by their inventors 
at Bell Laboratories (in 1947) were primitive by 
today's standards. Yet they revolutionized the 
electronics industry and changed our way of life. 
The first transistor, a "point-contact" type, 
amplified electrical signals by passing them 
through a solid semiconductor material, basi- 
cally the same operation as performed by present 
"junction" transistors. The three terminal wires 
can be seen on the top of the transistor. The 
actual record of the first transistor operation was 
December 23, 1947. (Courtesy of Bell Telephone 
Laboratories.) 
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IEEE Std 802.3-2002® Section Three 



40. Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) 
sublayer and baseband medium, type 1000BASE-T 



40.1 Overview 

The 1000BASE-T PHY is one of the Gigabit Ethernet family of high-speed CSMA/CD network 
specifications. The 1000BASE-T Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) 
and baseband medium specifications are intended for users who want 1000 Mb/s performance over Category 
5 balanced twisted-pair cabling systems. 1000BASE-T signaling requires four pairs of Category 5 balanced 
cabling, as specified in ISO/IEC 11801:1995 and ANSI/EIA/TIA-568-A (1995) and tested for the 
additional performance parameters specified in 40.7 using testing procedures defined in proposed 
ANSI/TIA/EIA TSB95. 



This clause defines the type 1000BASE-T PCS, type 1000BASE-T PMA sublayer, and type 1000BASE-T 
Medium Dependent Interface (MDI). Together, the PCS and the PMA sublayer comprise a 1000BASE-T 
Physical layer (PHY). Provided in this document are fully functional, electrical, and mechanical specifica- 
tions for the type 1000BASE-T PCS, PMA, and MDI. This clause also specifies the baseband medium used 
with 1000BASE-T. 



40.1.1 Objectives 

The following are the objectives of 1000BASE-T: 

a) Support the CSMA/CD MAC 

b) Comply with the specifications for the GMII (Clause 35) 

c) Support the 1 OOOMb/s repeater (Clause 41) 

d) Provide line transmission that supports full and half duplex operation 

e) Meet or exceed FCC Class A/CISPR or better operation 

0 Support operation over 100 meters of Category 5 balanced cabling as defined in 40.7 

g) Bit Error Rate of less than or equal to 10" 10 

h) Support Auto-Negotiation (Clause 28) 

40.1.2 Relationship of 1000BASE-T to other standards 

Relations between the 1000BASE-T PHY, the ISO Open Systems Interconnection (OSI) Reference Model, 
and the IEEE 802.3® CSMA/CD LAN Model are shown in Figure 40-1. The PHY sub-layers (shown 
shaded) in Figure 40-1 connect one Clause 4 Media Access Control (MAC) layer to the medium. 

40.1.3 Operation of 1000BASE-T 

The 1000BASE-T PHY employs full duplex baseband transmission over four pairs of Category 5 balanced 
cabling. The aggregate data rate of 1000 Mb/s is achieved by transmission at a data rate of 250 Mb/s over 
each wire pair, as shown in Figure 40-2. The use of hybrids and cancellers enables full duplex transmission 
by allowing symbols to be transmitted and received on the same wire pairs at the same time. Baseband sig- 
naling with a modulation rate of 125 Mbaud is used on each of the wire pairs. The transmitted symbols are 
selected from a four-dimensional 5-level symbol constellation. Each four-dimensional symbol can be viewed 
as a 4-tuple (A n , B n , C n , D n ) of one-dimensional quinary symbols taken from the set {2, 1, 0, -1, -2}. 
1000BASE-T uses a continuous signaling system; in the absence of data, Idle symbols are transmitted. Idle 
mode is a subset of code-groups in that each symbol is restricted to the set {2,0, -2}to improve synchroniza- 
tion. Five-level Pulse Amplitude Modulation (PAM5) is employed for transmission over each wire pair. The 
modulation rate of 125 MBaud matches the GMII clock rate of 125 MHz and results in a symbol period of 
8 ns. 
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LOCAL AND METROPOLITAN AREA NETWORKS: 



OSI 
REFERENCE 
MODEL 
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PRESENTATION 
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DATA LINK 



PHYSICAL 



LAN 
CSMA/CD 
LAYERS 

HIGHER LAYERS 



LLC - LOGICAL LINK CONTROL 
OR OTHER MAC CLIENT 



MAC CONTROL (OPTIONAL) 



MAC - MEDIA ACCESS CONTROL 



RECONCILIATION 



'GMII ■ 



W/>> 7 /A 



MDI 



AUTO N EG 
=1^ 



PHY 



' MEDIUM 

' / / / / / 7 



To 1000BASE-T PHY (point to point link) 



1000 Mb/s 



MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER 

GMII = GIGABIT MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT 

PHY = PHYSICAL LAYER DEVICE 

'GMII is optional. 



Figure 40-1 —Type 1000BASE-T PHY relationship to the ISO Open Systems 
Interconnection (OSI) Reference Model and the IEEE 802.3® CSMA/CD LAN Model 

A 1000BASE-T PHY can be configured either as a MASTER PHY or as a SLAVE PHY. The MAS- 
TER-SLAVE relationship between two stations sharing a link segment is established during Auto- 
Negotiation (see Clause 28, 40.5, and Annex 28C). The MASTER PHY uses a local clock to determine the 
timing of transmitter operations. The SLAVE PHY recovers the clock from the received signal and uses it to 
determine the timing of transmitter operations, i.e., it performs loop timing, as illustrated in Figure 40-3. In 
a multiport to single-port connection, the multiport device is typically set to be MASTER and the single-port 
device is set to be SLAVE. 

The PCS and PMA subclauses of this document are summarized in 40.1.3.1 and 40.1.3.2. Figure 40-3 
shows the functional block diagram. 
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LOCAL AND METROPOLITAN AREA NETWORKS: 



Technology Dependent Interface (Clause 28) 
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Figure 40-3— Functional block diagram 
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40.1.3.1 Physical Coding Sublayer (PCS) 

The 1000BASE-T PCS couples a Gigabit Media Independent Interface (GMII), as described in Clause 35, to 
a Physical Medium Attachment (PMA) sublayer. 

The functions performed by the PCS comprise the generation of continuous code-groups to be transmitted 
over four channels and the processing of code-groups received from the remote PHY. The process of con- 
verting data bits to code-groups is called 4D-PAM5, which refers to the four-dimensional 5-level Pulse 
Amplitude Modulation coding technique used. Through this coding scheme, eight bits are converted to one 
transmission of four quinary symbols. 

During the beginning of a frame's transmission, when TX_EN is asserted from the GMII, two code-groups 
representing the Start-of-Stream delimiter are transmitted followed by code-groups representing the octets 
coming from the GMII. Immediately following the data octets, the GMII sets TX_EN=FALSE, upon which 
the end of a frame is transmitted. The end of a frame consists of two convolutional state reset symbol periods 
and two End-of-Stream delimiter symbol periods. This is followed by an optional series of carrier extend 
symbol periods and, possibly, the start of a new frame during frame bursting. Otherwise, the end of a frame 
is followed by a series of symbols encoded in the idle mode. The nature of the encoding that follows the end 
of a frame is determined by the GMII signals TX_ER and TXD<7:0> as specified in Clause 35. 

Between frames, a special subset of code-groups using only the symbols {2, 0, -2} is transmitted. This is 
called idle mode. Idle mode encoding takes into account the information of whether the local PHY is operat- 
ing reliably or not (see 40.4.2.4) and allows this information to be conveyed to the remote station. During 
normal operation, idle mode is followed by a data mode that begins with a Start-of-Stream delimiter. 

Further patterns are used for signaling a transmit error and other control functions during transmission of a 
data stream. 

The PCS Receive processes code-groups provided by the PMA. The PCS Receive detects the beginning and 
the end of frames of data and, during the reception of data, descrambles and decodes the received code- 
groups into octets RXD<7:0> that are passed to the GMII. The conversion of code-groups to octets uses an 
8B1Q4 data decoding technique. PCS Receive also detects errors in the received sequences and signals them 
to the GMII. Furthermore, the PCS contains a PCS Carrier Sense function, a PCS Collision Presence func- 
tion, and a management interface. 

The PCS functions and state diagrams are specified in 40.3. The signals provided by the PCS at the GMII 
conform to the interface requirements of Clause 35. The PCS Service Interfaces to the GMII and the PMA 
are abstract message-passing interfaces specified in 40.2. 

40.1.3.2 Physical Medium Attachment (PMA) sublayer 

The PMA couples messages from the PMA service interface onto the balanced cabling physical medium and 
provides the link management and PHY Control functions. The PMA provides full duplex communications 
at 125 MBaud over four pairs of balanced cabling up to 100 m in length. 

The PMA Transmit function comprises four independent transmitters to generate five-level, pulse-amplitude 
modulated signals on each of the four pairs BIJ0A, B1_DB, BI_DC, and B1_DD, as described in 40.4.3.1 . 

The PMA Receive function comprises four independent receivers for five-level pulse-amplitude modulated 
signals on each of the four pairs BI_DA, BI_DB, BI_DC, and B1_DD, as described in 40.4.3.2. This signal 
encoding technique is referred to as 4D-PAM5. The receivers are responsible for acquiring clock and provid- 
ing code-groups to the PCS as defined by the PMA_UN1TDATA .indicate message. The PMA also contains 
functions for Link Monitor. 
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The PMA PHY Control function generates signals that control the PCS and PMA sublayer operations. PHY 
Control begins following the completion of Auto-Negotiation and provides the start-up functions required 
for successful 1000BASE-T operation. It determines whether the PHY operates in a normal state, enabling 
data transmission over the link segment, or whether the PHY sends special code-groups that represent the 
idle mode. The latter occurs when either one or both of the PHYs that share a link segment are not operating 
reliably. 

PMA functions and state diagrams are specified in 40.4. PMA electrical specifications are given in 40.6. 

40.1.4 Signaling 

1000BASE-T signaling is performed by the PCS generating continuous code-group sequences that the PMA 
transmits over each wire pair. The signaling scheme achieves a number of objectives including 

a) Forward Error Correction (FEC) coded symbol mapping for data. 

b) Algorithmic mapping and inverse mapping from octet data to a quartet of quinary symbols and back. 

c) Uncorrelated symbols in the transmitted symbol stream. 

d) No correlation between symbol streams traveling both directions on any pair combination. 
. e) No correlation between symbol streams on pairs BI__DA, BI_DB, BI_DC, and BI_DD. 

0 Idle mode uses a subset of code-groups in that each symbol is restricted to the set {2, 0, -2}to ease 
synchronization , start-up , and retraining . 

g) Ability to rapidly or immediately determine if a symbol stream represents data or idle or carrier 
extension. 

h) Robust delimiters for Start-of-Stream delimiter (SSD), End-of-Stream delimiter (ESD), and other 
control signals. 

i) Ability to signal the status of the local receiver to the remote PHY to indicate that the local receiver 
is not operating reliably and requires retraining. 

j) Ability to automatically detect and correct for pair swapping and unexpected crossover connections, 
k) Ability to automatically detect and correct for incorrect polarity in the connections. 
1) Ability to automatically correct for differential delay variations across the wire-pairs. 

The PHY operates in two basic modes, normal mode or training mode. In normal mode, PCS generates 
code-groups that represent data, control, or idles for transmission by the PMA. In training mode, the PCS is 
directed to generate only idle code-groups for transmission by the PMA, which enable the receiver at the 
other end to train until it is ready to operate in normal mode. (See the PCS reference diagram in 40.2.) 

40.1.5 Inter-sublayer interfaces 

All implementations of the balanced cabling link are compatible at the MDI. Designers are free to imple- 
ment circuitry within the PCS and PMA in an application-dependent manner provided that the MDI and 
GMII (if the GMII is implemented) specifications are met. When the PHY is incorporated within the physi- 
cal bounds of a single-port device or a multiport device, implementation of the GMII is optional. System 
operation from the perspective of signals at the MDI and management objects are identical whether the 
GMII is implemented or not. 

40.1.6 Conventions in this clause 

The body of this clause contains state diagrams, including definitions of variables, constants, and functions. 
Should there be a discrepancy between a state diagram and descriptive text, the state diagram prevails. 

The notation used in the state diagrams follows the conventions of 21 .5. 
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The values of all components in test circuits shall be accurate to within ±1% unless otherwise stated. 
Default initializations, unless specifically specified, are left to the implementor. 

40.2 1000BASE-T Service Primitives and Interfaces 

1000BASE-T transfers data and control information across the following four service interfaces: 

a) Gigabit Media Independent Interface (GMI1) 

b) PMA Service Interface 

c) Medium Dependent Interface (MDI) 

d) Technology-Dependent Interface 

The GMII is specified in Clause 35; the Technology-Dependent Interface is specified in Clause 28. The 
PMA Service Interface is defined in 40.22 and the MDI is defined in 40.8. 

40.2.1 Technology-Dependent Interface 

1000BASE-T uses the following service primitives to exchange status indications and control signals across 
the Technology-Dependent Interface as specified in Clause 28: 

PMA_LINK.request (link_control) 

PMAJLINK.indicate (link_status) 

40.2.1.1 PMAJJNK.request 

This primitive allows the Auto-Negotiation algorithm to enable and disable operation of the PMA as speci- 
fied in 28.2.6.2. 

40.2.1 .1 .1 Semantics of the primitive 

PMA_LINK .request (link_control) 

The link_control parameter can take on one of three values: SCANJFOR_CARRIER, DISABLE, or 
ENABLE. 

SCAN_FOR_CARRIER Used by the Auto-Negotiation algorithm prior to receiving any fast link 
pulses. During this mode the PMA reports Iink_status=FAIL.PHY 
processes are disabled. 

DISABLE Set by the Auto-Negotiation algorithm in the event fast link pulses are 

detected. PHY processes are disabled. This allows the Auto-Negotiation 
algorithm to determine how to configure the link. 

ENABLE Used by Auto-Negotiation to turn control over to the PHY for data 

processing functions. 



40.2.1 .1 .2 When generated 



Auto-Negotiation generates this primitive to indicate a change in link_control as described in Clause 28. 
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40.2.1 .1 .3 Effect of receipt 

This primitive affects operation of the PMA Link Monitor function as defined in 40.4.2.5. 
40.2.1.2 PMA_LINK.indicate 

This primitive is generated by the PMA to indicate the status of the underlying medium as specified in 
28.2.6. i . This primitive informs the PCS, PMA PHY Control function, and the Auto-Negotiation algorithm 
about the status of the underlying link. 

40.2.1 .2.1 Semantics of the primitive 

PMA_LINK.indicate (link_status) 

The link_status parameter can take on one of three values: FAIL, READY, or OK. 

FAIL No valid link established. 

. READY The Link Monitor function indicates that a 1000BASE-T link is intact and ready 

to be established. 

OK The Link Monitor function indicates that a valid 1000BASE-T link is established. 

Reliable reception of signals transmitted from the remote PHY is possible. 

40.2.1.2.2 When generated 

The PMA generates this primitive continuously to indicate the value of link_status in compliance with the 
state diagram given in Figure 40-1 6. 

40.2.1.2.3 Effect of receipt 

The effect of receipt of this primitive is specified in 40.3.3.1 . 
40.2.2 PMA Service Interface 

1000BASE-T uses the following service primitives to exchange symbol vectors, status indications, and con- 
trol signals across the service interfaces: 

PMA_TXMODE .indicate (tx_mode) 

PMA_CONFIG .indicate (config) 

PM A_UNITDATA .request (tx_sy mb_vector) 

PMA JJNITDATA .indicate (rx_symb_vector) 

PMA.SCRSTATUS .request (scr_status) 

PM A_RXSTATUS .indicate (loc_rcvr_status) 

PM A_REMRXSTATUS .request (rem_rcvr_status) 

The use of these primitives is illustrated in Figure 40-4. 
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Figure 40-4— 1000BASE-T service interfaces 
40.2.3 PMA_TXMODE.indicate 

The transmitter in a 1000BASE-T link normally sends over the four pairs, code-groups that can represent a 
GMII data stream, control information, or idles. 

40.2.3.1 Semantics of the primitive 

PMA_TXMODE.indicate (tx.mode) 

PMA_TXMODE. indicate specifies to PCS Transmit via the parameter tx_mode what sequence of code- 
groups the PCS should be transmitting. The parameter tx_mode can take on one of the following three val- 
ues of the form: 
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SEND_N This value is continuously asserted when transmission of sequences of 
code-groups representing a GMII data stream (data mode), control mode 
or idle mode is to take place. 

SENDJ This value is continuously asserted in case transmission of sequences of 
code-groups representing the idle mode is to take place. 

SEND_Z This value is continuously asserted in case transmission of zeros is required. 

40.2.3.2 When generated 

The PMA PHY Control function generates PMA_TXMODE.indicate messages continuously. 

40.2.3.3 Effect of receipt 

Upon receipt of this primitive, the PCS performs its Transmit function as described in 40.3.1 .3. 

40.2.4 PMA_CONFIG.indicate 

Each PHY in a 1000BASE-T link is capable of operating as a MASTER PHY and as a SLAVE PHY. MAS- 
TER-SLAVE configuration is determined during Auto-Negotiation (40.5). The result of this negotiation is 
provided to the PMA. 

40.2.4.1 Semantics of the primitive 

PMA_CONFlG.indicate (config) 

PMA_CONFIG.indicate specifies to PCS and PMA Transmit via the parameter config whether the PHY 
must operate as a MASTER PHY or as a SLAVE PHY. The parameter config can take on one of the follow- 
ing two values of the form: 

MASTER This value is continuously asserted when the PHY must operate as a 
MASTER PHY. 

SLAVE This value is continuously asserted when the PHY must operate as a 
SLAVE PHY. 

40.2.4.2 When generated 

PMA generates PMA_CONFlG .indicate messages continuously. 

40.2.4.3 Effect of receipt 

PCS and PMA Clock Recovery perform their functions in MASTER or SLAVE configuration according to 
the value assumed by the parameter config. 

40.2.5 PMA_UNITDATA.request 

This primitive defines the transfer of code-groups in the form of the tx_symb_vector parameter from the 
PCS to the PMA. The code-groups are obtained in the PCS Transmit function using the encoding rules 
defined in 40 .3.1 .3 to represent GMII data streams, an idle mode, or other sequences. 

40.2.5.1 Semantics of the primitive 

PMA_UNITDATA .request (tx_symb_vector) 
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During transmission, the PMA_UNITDATA.request simultaneously conveys to the PMA via the parameter 
tx_symb_vector the value of the symbols to be sent over each of the four transmit pairs BI_DA, BI_DB, 
BI_DC, and BI_DD. The tx_symb_vector parameter takes on the form: 

S YMB_4D A vector of four quinary symbols, one for each of the four transmit pairs 

BI_DA, BI_DB, BI_DC, and BI_DD. Each quinary symbol may take on 
one of the values -2,-l,0,+l,or +2. 

The quinary symbols that are elements of tx_symb_vector are called, according to the pair on which each 
will be transmitted, tx_symb_vector[Bl_DA], tx_symb_vector[BI_DB], tx_symb_vector[Bl_DC], and 
tx_symb_vector[BI_DD] . 

40.2.5.2 When generated 

The PCS generates PMA_UNITDATA. request (SYMB_4D) synchronously with every transmit clock cycle. 

40.2.5.3 Effect of receipt 

Upon receipt of this primitive the PMA transmits on the MDI the signals corresponding to the indicated qui- 
nary symbols. The parameter tx_symb_vector is also used by the PMA Receive function to process the sig- 
nals received on pairs BI_DA, BI_DB, BI_DC, and BIJDD. 

40.2.6 PMA.UNITDATA.indicate 

This primitive defines the transfer of code-groups in the form of the rx_symb_vector parameter from the 
PMA to the PCS. 

40.2.6.1 Semantics of the primitive 

PMA_UNITDATA .indicate (rx_symb_vector) 

During reception the PMA_UNITDATA .indicate simultaneously conveys to the PCS via the parameter 
rx_symb_vector the values of the symbols detected on each of the four receive pairs B1_DA, BI_DB, 
BI_DC, and BI_DD. The rx_symbol_vector parameter takes on the form: 

SYMB_4D A vector of four quinary symbols, one for each of the four receive pairs 
BI_DA, B1_DB, BI_DC, and BI_DD. Each quinary symbol may take on 
one of the values -2, - l , 0, + 1 , or +2. 

The quinary symbols that are elements of rx_symb_vector are called, according to the pair upon which each 
symbol was received, rx_symboLvector[BI_DA], rx_symboLvector[BI_DB], rx_symbol_vector[BI_DC], 
and rx_symb_vector[BI_DD]. 

40.2.6.2 When generated 

The PMA generates PMA_UNITDATA .indicate (SYMB__4D) messages synchronously with signals 
received at the MDI. The nominal rate of the PMA_UNITDATA.indicate primitive is 125 MHz, as governed 
by the recovered clock. 

40.2.6.3 Effect of receipt 

The effect of receipt of this primitive is unspecified. 
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40.2.7 PMA_SCRSTATUS.request 

This primitive is generated by PCS Receive to communicate the status of the descrambler for the local PHY. 
The parameter scr_status conveys to the PMA Receive function the information that the descrambler has 
achieved synchronization. 

40.2.7.1 Semantics of the primitive 

PMA_SCRSTATUS .request (scr_status) 

The scr_status parameter can take on one of two values of the form: 

OK The descrambler has achieved synchronization. 

NOTJ3K The descrambler is not synchronized. 

40.2.7.2 When generated 

PCS Receive generates PMA_SCRSTATUS .request messages continuously. 

40.2.7.3 Effect of receipt 

The effect of receipt of this primitive is specified in 40.4.2.3, 40.4.2.4, and 40.4.6.1 . 

40.2.8 PMA_RXSTATUS.indicate 

This primitive is generated by PMA Receive to indicate the status of the receive link at the local PHY. The 
parameter loc_rcvr_status conveys to the PCS Transmit, PCS Receive, PMA PHY Control function, and 
Link Monitor the information on whether the status of the overall receive link is satisfactory or not. Note that 
loc_rcvr_status is used by the PCS Receive decoding functions. The criterion for setting the parameter 
loc_rcvr_status is left to the implementor. It can be based, for example, on observing the mean-square error 
at the decision point of the receiver and detecting errors during reception of symbol streams that represent 
the idle mode. 

40.2.8.1 Semantics of the primitive 

PM A_RXSTATUS .indicate (loc_rcvr_status) 

The loc_rcvr_status parameter can take on one of two values of the form: 

OK This value is asserted and remains true during reliable operation of the receive link for 

the local PHY. 

NOT_OK This value is asserted whenever operation of the link for the local PHY is unreliable. 

40.2.8.2 When generated 

PMA Receive generates PMA_RXSTATUS .indicate messages continuously on the basis of signals received 
at the MD1. 

40.2.8.3 Effect of receipt 

The effect of receipt of this primitive is specified in Figure 40-1 5 and in subclauses 40.2 and 40.4.6.2. 
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40.2.9 PMA_REMRXSTATUS.request 

This primitive is generated by PCS Receive to indicate the status of the receive link at the remote PHY as 
communicated by the remote PHY via its encoding of its loc_rcvr_status parameter. The parameter 
rem_rcvr_status conveys to the PMA PHY Control function the information on whether reliable operation of 
the remote PHY is detected or not. The criterion for setting the parameter rem_rcvr_status is left to the 
implementor. It can be based, for example, on asserting rem_rcvr_status is NOT_OK until loc_rcvr_status is 
OK and then asserting the detected value of rem_rcvr_status after proper PCS receive decoding is achieved. 

40.2.9.1 Semantics of the primitive 

PMA.REMRXSTATUS .request (rem_rcvr_status) 

The rem_rcvr_status parameter can take on one of two values of the form: 

OK The receive link for the remote PHY is operating reliably. 

NOT_OK Reliable operation of the receive link for the remote PHY is not detected. 

40.2.9.2 When generated 

The PCS generates PMA_REMRXSTATUS .request messages continuously on the basis on signals received 
at the MDI. 

40.2.9.3 Effect of receipt 

The effect of receipt of this primitive is specified in Figure 40-15. 

40.2.10 PMA_RESET.indicate 

This primitive is used to pass the PMA Reset function to the PCS (pcs_reset=ON) when reset is enabled. 

The PMA_RESET.indicate primitive can take on one of two values: 

TRUE Reset is enabled. 

FALSE Reset is not enabled. 

40.2.10.1 When generated 

The PMA Reset function is executed as described in 40.4.2. 1 . 

40.2.10.2 Effect of receipt 

The effect of receipt of this primitive is specified in 40.42.1 . 

40.3 Physical Coding Sublayer (PCS) 

The PCS comprises one PCS Reset function and four simultaneous and asynchronous operating functions. 
The PCS operating functions are: PCS Transmit Enable, PCS Transmit, PCS Receive, and PCS Carrier 
Sense. All operating functions start immediately after the successful completion of the PCS Reset function. 

The PCS reference diagram, Figure 40-5, shows how the four operating functions relate to the messages of 
the PCS-PMA interface. Connections from the management interface (signals MDC and MDIO) to other 
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layers are pervasive, and are not shown in Figure 40-5. Management is specified in Clause 30. See also 
Figure 40-7, which defines the structure of frames passed from PCS to PMA. 
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Figure 40-5— PCS reference diagram 



40.3.1 PCS functions 
40.3.1.1 PCS Reset function 

PCS Reset initializes all PCS functions . The PCS Reset function shall be executed whenever one of the fol- 
lowing conditions occur: 

a) Power on (see 36.2.5. 1 .3). 

b) The receipt of a request for reset from the management entity. 

PCS Reset sets pcs_reset=ON while any of the above reset conditions hold true. All state diagrams take the 
open-ended pcs_reset branch upon execution of PCS Reset. The reference diagrams do not explicitly show 
the PCS Reset function. 
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40.3.1.2 PCS Data Transmission Enable 

The PCS Data Transmission Enabling process generates the signals tx_enable and tx_error, which PCS 
Transmit uses for data and carrier extension encoding. The process uses logical operations on tx_mode, 
TX_ER, TX_EN, and TXD<7:0>. The PCS shall implement the Data Transmission Enabling process as 
depicted in Figure 40-8 including compliance with the associated state variables as specified in 40.33. 

40.3.1 .3 PCS Transmit function 

The PCS Transmit function shall conform to the PCS Transmit state diagram in Figure 40-9. 

The PCS Transmit function generates the GMII signal COL based on whether a reception is occurring simul- 
taneously with transmission. The PCS Transmit function is not required to generate the GMII signal COL in 
a 1000BASE-T PHY that does not support half duplex operation. 

In each symbol period, PCS Transmit generates a code-group (A n , B n , C n , D n ) that is transferred to the PMA 
via the PMAJJNITDATA.request primitive. The PMA transmits symbols A n , B n , C n , D n over wire-pairs 
BI_DA, BI_DB, BI_DC, and BI_DD respectively. The integer, n, is a time index that is introduced to estab- 
lish a temporal relationship between different symbol periods. A symbol period, T, is nominally equal to 8 
ns. In normal mode of operation, between streams of data indicated by the parameter tx_enable, PCS Trans- 
mit generates sequences of vectors using the encoding rules defined for the idle mode. Upon assertion of 
tx_enable, PCS Transmit passes a SSD of two consecutive vectors of four quinary symbols to the PMA, 
replacing the first two preamble octets. Following the SSD, each TXD<7:0> octet is encoded using an 4D- 
PAM5 technique into a vector of four quinary symbols until tx_enable is de-asserted. If TX_ER is asserted 
while tx_enable is also asserted, then PCS Transmit passes to the PMA vectors indicating a transmit error. 
Note that if the signal TXJER is asserted while SSD is being sent, the transmission of the error condition is 
delayed until transmission of SSD has been completed. Following the de-assertion of tx_enable, a Convolu- 
tional State Reset (CSReset) of two consecutive code-groups, followed by an ESD of two consecutive code- 
groups, is generated, after which the transmission of idle or control mode is resumed. 

If a PMAJTXMODE.indicate message has the value SEND_Z, PCS Transmit passes a vector of zeros at 
each symbol period to the PMA via the PMAJUNITDATA .request primitive. 

If a PMAJTXMODE.indicate message has the value SENDJ, PCS Transmit generates sequences of code- 
groups according to the encoding rule in training mode. Special code-groups that use only the values 
{+2, 0, -2} are transmitted in this case. Training mode encoding also takes into account the value of the 
parameter loc_rcvr_status. By this mechanism, a PHY indicates the status of its own receiver to the link part- 
ner during idle transmission. 

In the normal mode of operation, the PMA_TXMODE. indicate message has the value SEND_N, and the 
PCS Transmit function uses an 8B1Q4 coding technique to generate at each symbol period code-groups that 
represent data, control or idle based on the code-groups defined in Table 40-1 and Table 40-2. During trans- 
mission of data, the TXD<7:0> bits are scrambled by the PCS using a side-stream scrambler, then encoded 
into a code-group of quinary symbols and transferred to the PMA. During data encoding, PCS Transmit uti- 
lizes a three-state convolutional encoder. 

The transition from idle or carrier extension to data is signalled by inserting a SSD, and the end of transmis- 
sion of data is signalled by an ESD. Further code-groups are reserved for signaling the assertion of TX_ER 
within a stream of data, carrier extension, CSReset, and other control functions. During idle and carrier 
extension encoding, special code-groups with symbol values restricted to the set {2, 0, -2} are used. These 
code-groups are also generated using the transmit side-stream scrambler. However, the encoding rules for 
the idle, SSD, and carrier extend code-groups are different from the encoding rules for data, CSReset, CSEx- 
tend, and ESD code-groups. During idle, SSD, and carrier extension, the PCS Transmit function reverses the 
sign of the transmitted symbols. This allows, at the receiver, sequences of code-groups that represent data, 
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CS Reset , CSExtend, and ESD to be easily distinguished from sequences of code-groups that represent SSD, 
carrier extension, and idle. 

PCS encoding involves the generation of the four-bit words Sx n [3:0], Sy n [3:0], and Sg n [3:0] from which the 
quinary symbols (A n , B n , C n , D n ) are obtained. The four-bit words Sx n [3:0], Sy n [3:0], and Sg n [3:0] are 
determined (as explained in 40.3.1.3.2) from sequences of pseudorandom binary symbols derived from the 
transmit side-stream scrambler. 

40.3.1.3.1 Side-stream scrambler polynomials 

The PCS Transmit function employs side-stream scrambling. If the parameter config provided to the PCS by 
the PMA PHY Control function via the PMA_CONHG .indicate message assumes the value MASTER, PCS 
Transmit shall employ 

, , . 13 33 

8mM = 1 + x + x 

as transmitter side-stream scrambler generator polynomial. If the PMA_CONFlG.indicate message assumes 
the value of SLAVE, PCS Transmit shall employ 

/ \ t . 20 . 33 

as transmitter side-stream scrambler generator polynomial. An implementation of master and slave PHY 
side-stream scramblers by linear- feedback shift registers is shown in Figure 40-6. The bits stored in the shift 
register delay line at time n are denoted by Scr n [32:0]. At each symbol period, the shift register is advanced 
by one bit, and one new bit represented by Scr n [0] is generated. The transmitter side-stream scrambler is 
reset upon execution of the PCS Reset function. If PCS Reset is executed, all bits of the 33-bit vector repre- 
senting the side-stream scrambler state are arbitrarily set. The initialization of the scrambler state is left to 
the implementor. In no case shall the scrambler state be initialized to all zeros. 
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Figure 40-6— A realization of side-stream scramblers by linear feedback shift registers 



40.3.1.3.2 Generation of bits Sx n [3:0], Sy n [3:0], and Sg n [3:0] 

PCS Transmit encoding rules are based on the generation, at time n, of the twelve bits Sx n [3:0], Sy n [3:0], 
and Sg n [3:0]. The eight bits, Sx n [3:0] and Sy n [3:0], are used to generate the scrambler octet Sc n [7:0] for 
decorrelating the GMII data word TXD<7:0> during data transmission and for generating the idle and train- 
ing symbols. The four bits, Sg n [3:0], are used to randomize the signs of the quinary symbols (A n , B n , C n> 
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D n ) so that each symbol stream has no dc bias. These twelve bits are generated in a systematic fashion using 
three bits, X n ,Y n , and Scr n [0], and an auxiliary generating polynomial, g(x). The two bits, X n and Y n , are 
mutually uncorrected and also uncorrected with the bit Scr n [0]. For both master and slave PHYs, they are 
obtained by the same linear combinations of bits stored in the transmit scrambler shift register delay line. 
These two bits are derived from elements of the same maximum-length shift register sequence of length 
2 " - 1 as Scr n [0], but shifted in time. The associated delays are all large and different so that there is no 
short-term correlation among the bits Scr n [0], X n , and Y n . The bits X n and Y n are generated as follows: 

X n = Scr n [4J*ScrJ6] 
Y n = Scr n [J]*Scr n [5] 

where A denotes the XOR logic operator. From the three bits X n , Y n , and Scr n [0], further mutually uncorre- 
cted bit streams are obtained systematically using the generating polynomial 

g(x) = x 3 A x 8 

The four bits Sy n [3:0] are generated using the bit ScrJO] and g(x) as in the following equations: 
SyJO] = ScrJO) 

Syjn = g(Scr n [0J) = Scr n [3] * Scr n [8J 

Sy n [2J = g 2 (Scr n [0]) = Scr n [6] a Scr n [J6) 

SyJ3] = g 3 (Scr n [0]) = Scr n [9] a Scr n [14] a Scr n [J9] a Scr n f24] 

The four bits Sx n [3:0] are generated using the bit X n and g(x) as in the following equations: 
SxJ0] = X n = Scr„[4]*Scr n [6J 

SxJIJ = g(X n ) = Scr n [7] a Scr n [9] a Scr n [J2] a ScrJMJ 

Sx n [2] = g 2 (X n ) = ScrJW] a Scr n [12] a Scr n [20] a Scr n [22] 

Sx n [3] = g 3 (X n ) = ScrJUJ a Scr n fl5J a Scr n [!8] a Scr n [20] A 
Scr n [23] a Scr n [25] a Scr n [28] a Scr n [30] 

The four bits Sg n [3:0] are generated using the bit Y n and g(x) as in the following equations: 

SgJ0] = Y a = Scr„[!]*Scr n l5] 

Sg n fl] = g(Y n ) = Scr n [4] a Scr n [8] a ScrJ9] a Scr n [13] 

Sg n [2] = g 2 (Y n ) = Scr n [7] a ScrJU] a Scr n [17] a Scr n [21] 

Sg n [3] = g 3 (Y n ) = ScrJW] a Scr n [!4] a Scr n [J5] a Scr n fl9] a 
Scr n [20] a Scr n [24] a Scr n [25] a Scr n [29] 

By construction, the twelve bits Sx n [3:0], Sy n [3:0], and Sg n [3:0] are derived from elements of the same 
maximum-length shift register sequence of length 2 33 -l as Scr n [0], but shifted in time by varying delays. 
The associated delays are all large and different so that there is no apparent correlation among the bits. 
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40.3.1.3.3 Generation of bits Sc n [7:0] 



The bits Sc n [7:0] are used to scramble the GM1I data octet TXD[7:0] and for control, idle, and training mode 
quartet generation. The definition of these bits is dependent upon the bits Sx n [3:0] and Sy n [3:0] that are 
specified in 40.3.1 .3.2, the variable tx_mode that is obtained through the PMA Service Interface, the variable 
tx_enable n that is defined in Figure 40-8, and the time index n. 

The four bits Sc n [7:4] are defined as 

Sx n [3:0J if (tx.enablen.2 = 1) 



Sc n [7:4] = 



[0 0 0 0] else 



The bits Sc n [3:l] are defined as 



[0 0 0] if (tx_mode = SEND_Z) 
Sc n [3:l] = — | Sy n [3:l ] else if (n-n 0 ) = 0 (mod 2) 
(Sy n _j[3:l]*[l 7 77) else 



where n 0 denotes the time index of the last transmitter side-stream scrambler reset. 
The bit ScJO] is defined as 

0 if (tx_mode = SEND JZ) 
SyJOJztec 



Sc n [0J= - 



40.3.1 .3.4 Generation of bits Sd n [8:0] 

The PCS Transmit function generates a nine-bit word Sd n [8:0] from Sc n that represents either a convolution- 
ally encoded stream of data, control, or idle mode code-groups. The convolutional encoder uses a three-bit 
word cs n [2:0], which is defined as 



cs n [l] = - 



Sd n [6] A cs n .j[0] \f{tx_enable n _ 2 = 1) 
0 else 



cs n [2]= - 



Sd n [7] A CS„.j[l] \i{tx_enable n . 2 = 1) 
0 else 



cs„[0] = cs n .j[2] 

from which SdJ8] is obtained as 

Sd n [8] = cs n [0] 
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The convolution al encoder bits are non-zero only during the transmission of data. Upon the completion of a 
data frame, the convolutional encoder bits are reset using the bit csresetn. The bit csresetn is defined as 

csreset n = (tx_enable n _2) and ( not txjenable n ) 

The bits Sd n [7:6] are derived from the bits Sc n [7:6], the GMII data bits TXD n [7:6], and from the convolu- 
tional encoder bits as 

Sc n [7] A TXD n [7] if (csreset n = 0 and tx_enable n . 2 = 1) 
Sd n [7] = — cs n _j[JJ else if (csreset n =l) 
Sc n [7] else 



Sd n [6] = ~ 



Sc n [ 6] A TXD n [6 J if (csreset n = 0 and tx_enable n _ 2 = 1 ) 
CS n .j[0] else if (csreset n ~\) 
Sc n [6] else 



The bits Sd n [5:3) are derived from the bits Sc n [5:3] and the GMII data bits TXD n [5:3] as 

Sc n [5:3] A TXD n [5:3J if (tx_enable n _ 2 = 1) 
Sc n [5:3] else 



Sd n [5:3] = 



The bit Sd n [2] is used to scramble the GMII data bit TXD n [2] during data mode and to encode 
loc_rcvr status otherwise. It is defined as 



Sd n [2]= - 



Sc n [2] a TXDJ2] if (tx_enable n _ 2 = 1) 

Sc n [2 J A 7 else if (loc_rcvr_status = OK) 
Sc n [2J else 



The bits Sd n [l :0) are used to transmit carrier extension information during tx_mode=SEND_N and are thus 
dependent upon the bits cext n and cext_err n . These bits are dependent on the variable tx_error n , which is 
defined in Figure 40-8. These bits are defined as 



cext n = — 



tx_error n if ((tx_enable n = 0) and (TXD n [7:0] = OxOF)) 
0 else 



cext_err n =_ 



tx_erwr n if ({tx_enable n = 0) and (TXD n [7;0] * OxOF)) 
0 else 



Sd n [l] =- 



Scjl ] A TXDJJ ] if (tx_erwble n _ 2 = 1 ) 
Sc n f 1] A cext_err n else 
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Sc n [0] * TXDJO] if (tx_enable n , 2 = 1) 
Sc n [0] A cext n else 



40.3.1.3.5 Generation of quinary symbols TA n ,TB n ,TC n ,TD n 

The nine-bit word Sd n [8:0] is mapped to a quartet of quinary symbols (TA n , TB n , TC n , TD n ) according to 
Table 40-1 and Table 40-2 shown as Sd n [6:8] + Sd n [5:0]. 

Encoding of error indication: 

If tx_error n =l when the condition (tx_enable n * tx_enable n _ 2 ) = 1 , error indication is signaled by means of 
symbol substitution. In this condition, the values of Sd n [5:0] are ignored during mapping and the symbols 
corresponding to the row denoted as "xmt_err" in Table 40-1 and Table 40-2 shall be used. 

Encoding of Convolutional Encoder Reset: 

If tx_error n =0 when the variable csreset n = 1 , the convolutional encoder reset condition is normal. This con- 
dition is indicated by means of symbol substitution, where the values of Sd n [5:0] are ignored during map- 
ping and the symbols corresponding to the row denoted as "CSReset" in Table 40-1 and Table 40-2 shall be 
used. 

Encoding of Carrier Extension during Convolutional Encoder Reset: 

If tx_error n =l when the variable csresetn = 1, the convolutional encoder reset condition indicates carrier 
extension. In this condition, the values of Sd n [5:0] are ignored during mapping and the symbols correspond- 
ing to the row denoted as "CSExtend" in Table 40-1 and Table 40-2 shall be used when TXD n = Ox'OF, and 
the row denoted as "CSExtend_Err" in Table 40-1 and Table 40-2 shall be used when TXD n * Ox'OF. The 
latter condition denotes carrier extension with error. In case carrier extension with error is indicated during 
the first octet of CSReset, the error condition shall be encoded during the second octet of CSReset, and dur- 
ing the subsequent two octets of the End-of-Stream delimiter as well. Thus, the error condition is assumed to 
persist during the symbol substitutions at the End-of-Stream. 

Encoding of Start-of-Stream delimiter: 

The Start-of-Stream delimiter (SSD) is related to the condition SSD n which is defined as (tx_enable n ) * 
(!tx_enable n _ 2 ) = 1 , where and "!" denote the logic AND and NOT operators, respectively. For the gener- 
ation of SSD, the first two octets of the preamble in a data stream are mapped to the symbols corresponding 
to the rows denoted as SSD1 and SSD2 respectively in Table 40-1 . The symbols corresponding to the SSD1 
row shall be used when the condition (tx_enable n ) * (!tx_enable n _i) = 1 . The symbols corresponding to the 
SSD2 row shall be used when the condition (tx.enable,^) * (!tx_enable n _ 2 ) = I . 

Encoding of End-of-Stream delimiter: 

The definition of an End-of-Stream delimiter (ESD) is related to the condition ESD n , which is defined as 
(!tx_enable n _ 2 ) * (tn_enable n _ 4 ) = 1 . This occurs during the third and fourth symbol periods after transmis- 
sion of the last octet of a data stream. 

If carrier extend error is indicated during ESD, the symbols corresponding to the ESD_Ext_Err row shall be 
used. The two conditions upon which this may occur are 

(tx_error n ) * (tx_error n . , ) * (tx_error n _ 2 ) * (TXD n * OxOF) = 1 , and 



Sd n [0] =- 
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(tx_error n ) * (tx_error n _j) * (tx_error n . 2 ) * (tx_error n _ 3 ) * (TXD n * OxOF) = 1 . 

The symbols corresponding to the ESDI row in Table 40-1 shall be used when the condition (!tx_enable n _ 2 ) 
* (tx_enable n _3) = 1 , in the absence of carrier extend error indication at time n. 

The symbols corresponding to the ESD2_Ext_0 row in Table 40-1 shall be used when the condition 
(!tx_enable n _ 3 ) * (tx_enable n _ 4 ) * (!tx_error n ) * (!tx_error n .j) = 1. 

The symbols corresponding to the ESD2JExt_l row in Table 40-1 shall be used when the condition 
(!tx_enable n _ 3 ) * (tx_enable n ^) * (!tx_error n ) * (tx_error n _!) * (tx_error n _ 2 ) * (tx_error n _ 3 ) = 1 . 

^ The symbols corresponding to the ESD2_Ext_2 row in Table 40-1 shall be used when the condition 
(!tx_enable n _ 3 ) * (tx_enabIe M ) * (tx_error n ) * (tx_error n .j) * (tx_error n _ 2 ) * (tx_error n _ 3 ) * (TXD n = OxOF) = 
1 , in the absence of carrier extend error indication. 

NOTE— The ASCII for Table 40-1 and Table 40-2 is available from http://www.ieee802.Org/3/pubIication/index.html. 8 



Table 40-1— Bit-to-symbol mapping (even subsets) 







Sd n [6:8] = 
[000] 


Sd n [6:8] = 
[010] 


Sd n [6:8] = 
[100] 


Sd n [6:8] = 
[HO] 


Condition 


Sd n [5:0] 


TA n ,TB n ,TC n , 

H>„ 
n 


TA D ,TB„,TC n , 

TD n 
n 


TA n ,TB n ,TC n , 
TD n 


TA m TB n ,TC n , 
TD n 


Normal 


000000 


0,0,0,0 


0,0,+l,+l 


0,+ 1,+ I,0 


0,+ l,0,+l 


Normal 


00000 I 


-2,0,0,0 


-2,0,+l,+l 


-2,+l,+l,0 


-2,+l,0,+l 


Normal 


000010 


0,-2,0,0 


0,-2,+l,+l 


0,-1, +1,0 


0,-1,0,+ ] 


Normal 


oooo n 


-2-2,0,0 


-2,-2,+l+l 


-2-1, + 1,0 


-2-l,0,+l 


Normal 


000100 


0,0,-2,0 


0,0,-l,+l 


0,+l -1,0 


0,+ I,-2,+ l 


Normal 


000101 


-2,0,-2,0 


-2, 0,-1 ,+1 


-2,+ l,-l,0 


-2,+ 1,-2 ,+ 1 


Normal 


0001 10 


0,-2,-2,0 


0,-2,-1,+! 


0-1-1,0 


0-1-2+1 


Normal 


000111 


-2,-2,-2,0 


-2,-2,-1+1 


-2,-1,-1,0 


-2,-1,-2,+! 


Normal 


001000 


0,0,0,-2 


0,0,+l,-l 


0,+l,+ I,-2 


0,+ l,0,-l 


Normal 


001001 


-2,0,0,-2 


-2,0,+l,-l 


-2,+ l,+ l,-2 


-2,+ l,0,-l 


Normal 


001010 


0,-2,0,-2 


0-2,+l,-l 


0,-1, +1-2 


0,-1,0-1 


Normal 


001011 


-2,-2,0,-2 


-2,-2,+l,-l 


-2,-1+1,-2 


-2,-1,0,-1 


Normal 


001 100 


0,0,-2,-2 


0,0,-1,-1 


0,+ l,-l -2 


0,+ l -2-1 


Normal 


001101 


-2,0,-2,-2 


-2,0,-1,-1 


-2,+ l -1,-2 


-2,+ l,-2,-l 


Normal 


001110 


0-2,-2,-2 


0-2-1-1 


0,-1,-1-2 


0-1-2,-1 


Normal 


001111 


-2,-2,-2-2 


-2,-2,-1,-1 


-2,-1,-1-2 


-2,-1,-2,-1 


Normal 


010000 


+1,+1,+1,+1 


+1,+ I,0,0 


+I,0,0,+1 


+ I,0,+1,0 


Normal 


010001 


-l,+l,+l,+l 


-1,+1,0,0 


-1,0,0+1 


-1,0+1,0 


Normal 


010010 


+1 ,-!,+ !,+! 


+1,-1,0,0 


+ 1 -2,0,+ l 


+ 1-2 + 1,0 



^Copyright release for symbol codes: Users of this standard may freely reproduce the symbol codes in this subclause so it can be used 
for its intended purpose. 
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Table 40-1 — Bit-to-symbol mapping (even subsets) (continued) 







Sd T6-81 = 
[000] 


Sd (6*81 = 
[010] 


Sd 16*81 = 
[100] 


Sd F6-81 = 
[110] 


Condition 


Sd n [5:0] 


TA n ,TB n ,TC n , 
TD n 


TA n ,TB n ,TC n , 
TD n 




TA n ,TB n ,TC„, 
TD n 


Normal 


n i aa 1 1 


— J ,— I ,+ 1 ,+ 1 


1 1 A A 
— 1 — 1 , U, U 


— I — Z , U ,+ 1 


1 O _i_ 1 A 

— 1 —2 ,+ 1 , U 


Normal 


A. 1 ft 1 ftfl 

U I U I UU 


+ 1 ,+ 1 ,— 1 ,+ 1 


it i i in 
+ 1 ,+ I ,—2, U 


+ 1 , U,— Z,+ l 


+ 1 , U,— 1 , U 


Normal 


U1U1U1 


iii i i_ i 
—1 ,+l ,— I ,+l 


lit OA 

-1 ,+ I —2, U 


1 A O j 1 

— 1 , U,— Z,+ l 


1 A 1 A 

— 1 , U ,— 1 , u 


JNormal 


0101 10 


+1 -1-1 ,+1 


+ 1 ,-1-2, 0 


i 1 O Oil 

+ 1 — 2,— 2,+ l 


+1 ,-2-1,0 


Normal 


U 1U1 11 


-1 -1 -1,+1 


1 1 O A 

— 1—1—2, U 


1 O Oil 

-1 — 2,— 2,+ l 


1 O 1 A 

-1 ,— 2,-1 , U 


Normal 


a i i nnn 
Ul 1UUU 


1 1 1 1 1 1 i 
+1 ,+l ,+l ,— l 


i 1 ■ 1 A O 

+ !,+ !, U — 2 


i 1 A A 1 

+ 1 , U, U .— 1 


i 1 A i 1 O 

+ 1 , U ,+ 1 ,—2 


Normal 


Ul 1UU1 


i ■ i 1 1 i 
—1 ,+l ,+l—l 


1 i 1 A O 

— 1 ,+ 1 , U,— 2 


1 A A 1 

-1 , U, U,— 1 


1 A i 1 O 

—1 , U,+ l ,—2 


Normal 


a i i a i a 
Ul 1U1U 


+l —1 ,+l ,—l 


■ 1 I A 1 


i 1 OA 1 

+ 1 ,— 2, U— 1 


i 1 Oil o 

+ 1 —2,+ 1 —2 


Normal 


n 1 1 n 1 1 
Ul JUf J 


i iii i 


1 1 A O 

— 1 ,— I , U —2 


1 O A t 

— 1 —2, U,— 1 


1 Oil o 

— 1 — 2,+ l ,—2 


Normal 


A 1 1 1 AA 

Ul 1 1 UU 


, i , i i * 

+l ,—l 


+ 1 ,+1 —2,— 2 


■ 1 A O 1 

+ 1 , U — 2 — 1 


, 1 A 1 0 

+ 1 , U,— I ,—2 


Normal 


ai i trkt 
Ul 1 1U1 


—I ,+l ,—l l 


lit o o 
-1, + 1-2-2 


1 A O 1 

-1 , U -2 - ] 


1 A 1 O 

—1 , U — 1 ,—2 


Normal 


U 1 1 1 1U 


+l ,—l —l —l 


, 1 i o o 
+ 1-1-2-2 


* 1 OO 1 

+ 1 -1—1— 1 


, 1 o 1 o 

+ 1-2,-1,-2 


Normal 


m lilt 
Ul 1 1 1 1 


1111 
-1-1-1,-1 


1 1 o o 

-1,-1,-2-2 


1 O O 1 

— 1 —2—2—1 


1 O 1 o 

-1 ,—2-1 ,—2 


Normal 


1 AAAAA 
lUUUUU 


t O A A A 
+2,U,U,U 


+2, 0,+l ,+ 1 


i O i 1 i 1 A 

+2,+ l ,+ 1 , U 


i O i 1 Ail 

+2,+ 1 , U,+ l 


Normal 


i nnnn i 
1 UUUU 1 


■ O O A A 

+2 -2, U, U 


1 O O i 1 i 1 

+2,-2,+ l ,+ I 


• O 1 i 1 A 

+2—1 ,+ 1 , U 


» O 1 Ail 

+2,-1 , U,+ l 


Normal 


i aaa in 
1UUU IU 


, O A O A 

+2, U,— 2, U 


, o A 1 , I 

+2, U,— 1 ,+ l 


. -) .1 1 A 

+2,+ l ,— 1 , U 


j^O i 1 Otl 

+2,+ l ,— 2,+ l 


Normal 


1 AAA 1 1 
1 UUU 1 1 


±0 O O A 

+Z,-Z,-2,U 


i O O lil 

+2,-2,-1 ,+ I 


i O 1 1 A 

+2—1—1 , U 


i O 1 Oil 

+2,-1 ,-2,+ l 


Normal 


1 AA 1 AA 
I UU 1 UU 


■ O A A O 

+2,U, U,— 2 


i O A ■ 1 1 

+2, U,+ l ,-1 


i O i 1 i 1 o 

+2,+ l ,+ 1 


i O i 1 A 1 

+2,+ l , U,-l 


Normal 


1 AA 1 A 1 
1 UU J U 1 


1 O OA O 

+2 — 2, U — 2 


i_0 O , 1 1 

+2 ,—2 ,+ 1 1 


_i O 1 i 1 1 

+2,-1 ,+ l ,—2 


_t O 1 A 1 


Normal 


1 AA t 1 A 
IUU 1 1U 


. o a o o 
+2, U,— 2,— 2 


, O All 

+2, U,— 1 —1 


_i_0 i t 1 o 

+2,+ 1 ,— I ,— L 


_i_0 _i_ 1 O 1 

+2,+ l —2,-1 


Normal 


1 f VI 1 1 1 
IUU I 1 I 


. O O o o 
+2,— Z,— Z,— Z 


i O o i i 

+2,-2,-1 ,— 1 


_i_0 1 1 0 
+2,-1 ,— 1 —2 


■ 0 10 1 
+Z,— I ,— Z,— I 


Normal 


1 A 1 AAA 
IUIUUU 


A A i O A 

U, U,+Z, U 


i 1 i 1 i_0 A 

+ 1 ,+ 1 ,+2 , U 


i 1 A t O i 1 

+ 1 , U,+2,+ l 


All i O i 1 

U,+ l ,+Z,+ l 


Normal 


1 A 1 AA 1 
lUIUUl 


O A ■ O A 

-2,U,+Z, U 


1 it i O A 

— I ,+ I ,+2, U 


—1 , 0,+2,+ l 


-2,+ l ,+2,+ l 


Normal 


1 A 1 A 1 A 
IU 1U 1U 


A O i O A 

U,— Z,+2, U 


i 1 1 i O A 

+ 1,-1 ,+2, U 


i 1 O i O i 1 

+ 1 ,-2,+2,+ l 


A 1 i O ■ 1 

U,— 1 ,+2,+ 1 


Normal 


10)01 I 


1 O i O A 

-2 ,-2 ,+2, U 


1 1 ■ O A 

— 1,-1 ,+2, U 


1 O i O t I 

— 1 ,— 2,+2,+ l 


-2,-l,+2,+l 


J lllal 


ini inn 

Iwl 1 \J\J 




4-1 4-1 4-9 _9 


4- 1 fl 4-9 1 

T|,U ,ti , — 1 


A j.] J.O 1 


Normal 


101101 


-2,0,+2,-2 


-l,+ l,+2,-2 


-l,0,+2,-l 


-2,+ I,+2,-l 


Normal 


101110 


0-2,+2,-2 


+ 1-1, +2,-2 


+ 1 -2,+2,-l 


0,-1, +2,-1 


Normal 


101111 


-2,-2,+2,-2 


-1-1, +2,-2 


-l,-2,+2,-l 


-2,-1, +2,-1 


Normal 


110000 


0,+2,0,0 


0,+2,+ I,+ l 


+ l,+2,0,+ 1 


+ l,+2,+ l,0 


Normal 


110001 


-2,+2,0,0 


-2,+2,+ I,+l 


-l,+2,0,+ l 


-I,+2,+ l,0 
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Table 40-1— Bit-to-symbol mapping (even subsets) (continued) 







£Mi n |o.oj — 
[000] 


[010] 


[100] 


Sri 16*81 - 

[110] 


Condition 


Sd n [5:0] 


TA n ,TB n ,TC n , 
TD n 


TA n ,TB n ,TC n , 
TD n 


TA n ,TB n ,TC n , 
TD n 


TA n ,TB m TC n , 
TD n 


Normal 


1 1 00 1 0 


0,+2,-2,0 


0,+2,-l,+l 


+1 ,+2,-2,+ l 


+ 1 ,+2,-1 , 0 


Normal 


1 1001 1 


-2 ,+2 -2,0 


-2,+2,-l,+l 


-1 ,+2 -2,+ l 


-I, +2,-1,0 


Normal 


1 10100 


0, +2, 0,-2 


0, +2,+ 1,-1 


+1 .+2,0,-1 


+ 1, +2 ,+ 1,-2 


V T 1 

Normal 


1 10101 


-2 ,+2, 0,-2 


-2 ,+2 ,+ 1,-1 


-1 ,+2, 0,-1 


-1, +2 ,+ 1,-2 


Normal 


1 101 10 


0,+2,-2,-2 


0,+2,-l -1 


+ 1, +2 -2,-1 


+ l,+2,-l -2 


Normal 


110111 


-2 ,+2 ,-2 -2 


-2,+2,-I,-l 


-1, +2 ,-2,-1 


-1, +2 ,-1,-2 


XT 1 

Normal 


1 1 1000 


0,0,0,+2 


+1 ,+ l,0,+2 


0,+l ,+l,+2 


+1, 0,+l,+2 


XT , , , 1 

Normal 


1 1 1 00 1 


-2,0»0,+2 


-l,+ l,0,+2 


-2,+ I ,+ I,+2 


-1, 0,+ l,+2 


Normal 


1 1 1010 


0,-2,0, +2 


+l,-l,0,+2 


0-1 ,+ 1 ,+2 


+ 1 -2,+ l,+2 


XT 1 

Normal 


1 1 101 1 


-2,-2,0, +2 


-1,-1, 0,+2 


-2 ,-l,+ l,+2 


-l,-2,+ l ,+2 


Normal 


1 1 1 too 


0, 0,-2 ,+2 


+1,+ 1,-2 ,+2 


0,+l ,-l,+2 


+ 1,0,-1, +2 


Normal 


1 1 1 101 


-2,0 -2 ,+2 


-1,+ 1 -2,+2 


-2,+l ,-l,+2 


-1, 0,-1, +2 


Normal 


1 1 1 no 


0,-2 ,-2 ,+2 


+ 1,-1, -2 ,+2 


0,-1,-1 ,+2 


+ 1-2,-1 ,+2 


Normal 


1 1 1 1 1 1 


-2-2 -2 ,+2 


-1,-1 -2 ,+2 


-2,-1 -1 ,+2 


-1,-2,-1, +2 


xmt_err 


xxxxxx 


0,+2,+2,0 


+l,+l,+2,+2 


+2,+l,+l,+2 


+2,+ l ,+2,+l 


CSExtend_Err 


xxxxxx 


-2 ,+2 ,+2 ,-2 


-1-1 ,+2 ,+2 


+2,-1 -I, +2 


+2,-1, +2 -I 


Lobxtend 


xxxxxx 


+2, 0,0, +2 


+2,+2,+l,+ l 


+l,+2,+2,+ l 


+ l,+2,+ l,+2 


CS Reset 


xxxxxx 


+2 ,-2 ,-2 ,+2 


+2 ,+2,-1 ,-1 


-I ,+2 ,+2,-1 


-1, +2,-1, +2 


SSD1 


xxxxxx 


+2 ,+2 ,+2 ,+2 








SSD2 


xxxxxx 


+2 ,+2 ,+2 ,-2 








ESDI 


xxxxxx 


+2,+2,+2,+2 











ESD2_ExtJ) 


xxxxxx 


+2,+2,+2,-2 


- 


- 


- 


COL/L LA I 1 


V VV YYY 
AAAAAA 


.1.0 0 i O 

T-i ,*T Z , — Z ,Ti 








ESD2_Ext_2 


xxxxxx 


+2,-2,+2,+2 


- 


- 


- . 


ESD_Ext_Err 


xxxxxx 


-2 ,+2 ,+2 ,+2 








Idle/Carrier 
Extension 


000000 


0,0,0,0 








Idle/Carrier 
Extension 


000001 


-2,0,0,0 








Idle/Carrier 
Extension 


000010 


0-2,0,0 
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Table 40-1— Bit-to-symbol mapping (even subsets) (continued) 







Sd n [6:8] = 
[000] 


Sd n [6:8] = 
[010] 


Sd„[6:8] = 
[100] 


Sd n [6:8] = 
[110] 


Condition 


Sd n [5:0] 


TA„,TB„,TC„, 
TD n 


TA... .TB— .TC>. 
TD„ 


XA— ,TB_ ,TC_. 
TD n 


TD„ 


Idle/Carrier 
Extension 


000011 


-2-2,0,0 








Idle/Carrier 
Extension 


000100 


0,0,-2,0 








Idle/Carrier 
Extension 


000101 


-2,0,-2,0 








Idle/Carrier 
Extension 


0001 10 


0-2,-2,0 








Idle/Carrier 
Extension 


000111 


-2,-2,-2,0 








Idle/Carrier 
Extension 


001000 


0,0,0-2 








Idle/Carrier 
Extension 


001001 


-2, 0, 0,-2 








Idle/Carrier 
Extension 


001010 


0,-2,0-2 








Idle/Carrier 
Extension 


001011 


-2-2,0,-2 








Idle/Carrier 
Extension 


001100 


0,0,-2,-2 








Idle/Carrier 
Extension 


001101 


-2,0,-2,-2 








Idle/Carrier 
Extension 


001110 


0,-2,-2,-2 








Idle/Carrier 
Extension 


001111 


-2,-2,-2-2 









Table 40-2— Bit-to-symbol mapping (odd subsets) 







Sd n [6:8] = 
[001] 


Sd n [6:8] = 
[011] 


Sd n [6:8] = 
[101] 


Sd n [6:8] = 
[111] 


Condition 


Sd n [5:0] 


TA n ,TB n ,TC n , 
TD n 


TA n ,TB n ,TC n , 
TD n 


TAn,TB n ,TC n , 
TD n 


TA n ,TB n ,TC n , 
TD n 


Normal 


000000 


0,0,0,+ 1 


0,0,+l,0 


0,+l,+l,+l 


0,+l,0,0 


Normal 


000001 


-2,0,0,+l 


-2,0,+ l,0 


-2,+l,+ l,+ l 


-2,+ J, 0,0 


Normal 


000010 


0,-2,0,+! 


0,-2,+l,0 


0,-1 ,+ !,+ ! 


0,-1,0,0 


Normal 


000011 


-2,-2, 0,+l 


-2,-2,+l,0 


-2,-l,+l,+l 


-2,-1,0,0 


Normal 


000100 


0,0,-2,+1 


0,0-1,0 


0,+l,-l,+l 


0,4-1 ,-2,0 
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Table 40-2— Bit-to-symbol mapping (odd subsets) (continued) 







Sd n [6:8] = 
[001] 


Sd n [6:8] = 
[011] 


Sd„[6:8] = 
[101] 


Sd n [6:8] = 
[111] 


Condition 


Sd n [5:0] 


TA n ,TB n ,TC n , 

TD„ 
n 


TA n ,TB n ,TC n , 

TD„ 
n 


TA n ,TB n ,TC n , 
* n 


TA n ,TB n ,TC n , 
TD„ 


Normal 


000101 


-2,0,-2,+l 


-2,0,-1,0 


-2,+l,-l,+ l 


-2,+l,-2,0 


Normal 


000110 


0,-2,-2,+l 


0-2,-1,0 


0-1 -i,+i 


0,-1-2,0 


Normal 


000111 


-2,-2,-2 ,+ 1 


-2-2,-1,0 


-2 -1,-1 ,+1 


-2-1-2,0 


Normal 


001000 


0,0,0-1 


0,0,+l,-2 


0+1 +1 -l 


0,+i,0-2 


Normal 


001001 


-2,0,0,-1 


-2,0,+l,-2 


-2,+l ,+1,-1 


-2,+l,0,-2 


Normal 


001010 


0,-2,0,-1 


0,-2,+ l -2 


0,-1 »+ 1-1 


0-1,0,-2 


Normal 


001011 


-2-2,0,-1 


-2 -2 ,+1,-2 


-2,-1 ,+1 ,-1 


-2,-1,0,-2 


Normal 


001100 


0,0-2,-1 


0,0,-1,-2 


0,+l -1,-1 


0,+l,_2,-2 


Normal 


001101 


-2,0-2,-1 


_2 t 0,-1,-2 


-2,+l,-l,-l 


-2 ,+1-2,-2 


Normal 


001110 


0-2-2,-1 


0-2-1-2 


0-1-1-1 


0-1-2-2 


Normal 


001111 


-2,-2,-2-1 


-2,-2,-1,-2 


-2,-1 -1 -1 


-2,-1,-2-2 


Normal 


010000 


+1,+1,+ 1,0 


+1,+1,0,+1 


+1,0,0,0 


+1,0,+1,+1 


Normal 


010001 


-1,+ 1,+ 1,0 


-1,+1,0,+1 


-1,0,0,0 


-1,0,+1,+1 


Normal 


010010 


+1,-1 ,+ 1,0 


+1 ,-l,0,+l 


+1-2,0,0 


+l,-2,+l,+l 


Normal 


010011 


-1-1, + 1,0 


-1 -1,0,+1 


-1,-2,0,0 


-1 -2+1 +1 


Normal 


010100 


+1, +1,-1,0 


+l,+l,-2,+l 


+ 1,0,-2,0 


+1,0,-1,+! 


Normal 


010101 


-1, +1-1,0 


-l,+l,-2,+l 


-1,0,-2,0 


-1, 0,-1 ,+1 


Normal 


010110 


+1,-1,-1,0 


+1 _i -2,+ 1 


+1,-2,-2,0 


+1 _2,-l ,+1 


Normal 


010111 


-1-1,-1,0 


-l,-l,-2,+ l 


-1,-2,-2,0 


-1 -2,-1, +1 


Normal 


011000 


+1,+ 1,+ 1 -2 


+ 1, + 1,0,-1 


+1,0,0,-2 


+1,0,+1,-1 


Normal 


011001 


-l,+l,+ l,-2 


-1, + 1,0,-1 


-1,0,0,-2 


-1,0,+1,-I 


Normal 


011010 


+1,-1 ,+ 1,-2 


+1,-1,0,-1 


+ l_2,0,-2 


+1-2,+ 1,-1 


Normal 


011011 




-1,-1,0,-1 


-l_2,0,-2 


-1 -2,+l,-1 


Normal 


011100 


+1, + 1,-1,-2 


+ 1, + 1-2,-1 


+1,0,-2,-2 


+1,0,-1 -1 


Normal 


011101 




-1 ,+1,-2,-1 


-1,0,-2,-2 


-1,0,-1,-1 


Normal 


011110 


+1-1,-1,-2 


+1,-1-2,-1 


+l_2-2,-2 


+1-2,-1,-1 


Normal 


011111 


-1-1,-1,-2 


-1,-1,-2-1 


_|_2,-2-2 


_l_2-l-l 


Normal 


100000 


+2,0,0,+1 


+2,0,+ l,0 


+2,+ 1,+I,+ l 


+2,+l,0,0 


Normal 


100001 


+2-2,0,+l 


+2,-2,+ 1,0 


+2,-l,+l,+1 


+2,-1,0,0 


Normal 


100010 


+2,0,-2,+ ! 


+2,0,-1,0 


+2,+l ,-!,+ ! 


+2,+l,-2,0 
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Sd n [6:8] = 
[001] 


Sd n [6:8] = 
[011] 


Sd n [6:8] = 
[101] 


Sd n [6:8] = 
[111] 


Condition 


Sd n [5:0] 


TA n ,TB n ,TC n , 
TD„ 

n 


TA n ,TB n ,TC n , 


TA n ,TB n ,TC n , 
TD„ 


TA n ,TB n ,TC n , 


Normal 


100011 


+2,-2,-2,+ 1 


+2,-2,-1,0 


+2-1-1,+ ! 


+2-1-2,0 


Normal 


100100 


+2,0,0-1 


+2,0,+ 1-2 


+2,+ 1 ,+ 1,-1 


+2,+l,0,-2 


Normal 


100101 


+2-2,0,-1 


+2,-2+1,-2 


+2-1, +1,-1 


+2,-1,0,-2 


Normal 


100110 


+2,0,-2,-1 


+2,0,-1,-2 


+2,+l ,-1,-1 


+2 ,+1-2-2 


Normal 


1001 11 


+2,-2,-2,-1 


+2-2,-1,-2 


+2-1-1-1 


+2-1-2,-2 


Normal 


101000 


0,0,+2,+ l 


+ l,+l,+2,+l 


+l,0,+2,0 


0,+l,+2,0 


Normal 


101001 


-2,0,+2,+l 


-l,+ I,+2,+ l 


-l,0,+2,0 


-2,+l,+2,0 


Normal 


101010 


0-2,+2,+ l 


+ l,-l,+2,+ l 


+1 -2,+2,0 


0,-1 ,+2,0 


Normal 


loion 


-2,-2,+2,+ l 


-1H,+2,+ l 


-l,-2,+2,0 


-2,-1 ,+2,0 


Normal 


101100 


0 f 0,+2-l 


+ l t+ l )+ 2-i 


+l,0,+2,-2 


0,+l,+2,-2 


Normal 


101101 


-2,0,+2,-J 


-1,+ 1, +2,-1 


-l,0,+2-2 


-2,+1,+2,-2 


Normal 


loino 


0,-2,+2,-1 


+1-1+2,-1 


+1,-2 ,+2 ,-2 


0 — 1,+2 -2 


Normal 


101111 


-2,-2,+2,-l 


_i _| (+ 2-i 


_1 _2 +2 -2 


-2,-1, +2 ,-2 


Normal 


110000 


G,+2,0,+l 


0,+2,+ l,0 


+l,+2,0,0 


+l,+2,+ l,+ l 


Normal 


110001 


-2,+2,0,+ l 


-2,+2,+ l,0 


-l,+2,0,0 


-1 ,+2,+l,+ 1 


Normal 


110010 


0,+2,-2,+ l 


0,+2,-l,0 


+1, +2,-2,0 


+ l,+2,-I,+ 1 


Normal 


110011 


-2,+2,-2,+ l 


-2,+2,-l,0 


-I, +2,-2,0 


-1 ,+2,-1 ,+1 


Normal 


110100 


0,+2,0-l 


0, +2 ,+ 1,-2 


+1, +2, 0,-2 


+1 ,+2,+l -1 


Normal 


110101 


-2,+2,0,-l 


-2 ,+2 +1-2 


-1, +2, 0,-2 


-l,+2,+ l,-l 


Normal 


110110 


0,+2,-2,-I 


0,+2,-1,-2 


+ 1, +2,-2,-2 


+1 ,+2,-1,-1 


Normal 


110111 


-2,+2,-2-I 


-2 ,+2 -1,-2 


-I, +2,-2,-2 


-1 ,+2,-1,-1 


Normal 


111000 


+ \^+\ t+ \+2 


0,0,+l,+2 


+l,0,0,+2 


0,+l,0,+2 


Normal 


1 11001 


-l,+I,+ l,+2 


-2,0,+ l,+2 


-l,0,0,+2 


-2,+l,0,+2 


Normal 


1 11010 


+l,-l,+ l,+2 


0,-2,+ 1, +2 


+ 1 -2,0,+2 


0,-1, 0,+2 


Normal 


1 1101 1 


-1 ,-!,+ !, +2 


-2,-2,+ l,+2 


-l,-2,0,+2 


-2,-1, 0,+2 


Normal 


111100 


+ 1, +1,-1, +2 


0,0,-1, +2 


+ I,0,-2,+2 


0,+1,-2,+2 


Normal 


111101 


-l,+1,-l,+2 


-2, 0,-1, +2 


-l,0,-2,+2 


-2,+ l ,-2,+2 


Normal 


1 11110 


+ 1-1,-1, +2 


0,-2 -I, +2 


+ l,-2,-2,+2 


0,-l,-2,+2 


Normal 


nun 


-1,-1,-1, +2 


-2,-2,-1+2 


-1 -2,-2,+2 


-2,-1, -2,+2 


xmt__err 


xxxxxx 


+2,+2,0,+ l 


0,+2+l,+2 


+ l,+2,+2,0 


+2,+ l,+2,0 
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Sd n [6:8] = 
[001] 


Sd n [6:8] = 
[011] 


Sd n [6:8] = 
[101] 


Sd n [6:8] = 
[111] 


Condition 


Sd n [5:0] 


T An»TB n ,TC n , 
TD n 


TA n ,TB n ,TC n , 
TD n 


TA n ,TB n ,TC n , 
TD n 


TA n ,TB n ,TC n , 
TD n 


CSExtend_Err 


xxxxxx 


+2,+2,-2,-l 


-2,+2,-l,+2 


-l,+2,+2-2 


+2-1, +2 -2 


CSExtend 


xxxxxx 


+2,0,+2,+l 


+2,0,+l,+2 


+l,0,+2,+2 


+2,+ l,0,+2 


CSReset 


xxxxxx 


+2,-2,+2,-l 


+2,-2-1 ,+2 


-l,-2,+2,+2 


+2,-1 -2 ,+2 



40.3.1 .3.6 Generation of A n , B n , C n , D n 

The four bits Sg n [3:0] are used to randomize the signs of the quinary symbols (A n , B n , C n , D n ) so that each 
symbol stream has no dc bias. The bits are used to generate binary symbols (SnA n , SnB n , SnC n , SnD n ) that, 
when multiplied by the quinary symbols (TA m TB n , TC n , TD n ), result in (A n , B n , C n , D n ). 

PCS Transmit ensures a distinction between code-groups transmitted during idle mode plus SSD and those 
transmitted during other symbol periods. This distinction is accomplished by reversing the mapping of the 
sign bits when the condition (tx_enable n . 2 + tx_enable n ^) = 1. This sign reversal is controlled by the vari- 
able Srev n defined as 



Srev n = tx_enable n _2 + tx_enable n ^ 

The binary symbols SnA n , SnB n , SnC n , and SnD n are defined using Sg n [3:0] as 
+7 if [(Sg n [OJ *Srw n ) = 0] 



SnA n = 



SnB n - 



SnC n = 



SnD n = - 



-7 else 



+7 if [(Sg n fJ] *Srev n ) = 0] 
-7 else 



+7 if HSg n 12) «Srev n ) = 0] 
-7 else 

+7 \f[(Sg n [3]«Srev n ) = 0] 
-7 else 



The quinary symbols (A n , B n , C n , D n ) are generated as the product of (SnA n , SnB n , SnC n , SnD n ) and (TA n , 
TB n , TC n ,TD n ) respectively. 



A n = TA n x SnA n 



B n = TB n xSnB n 
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C n = T C n x SnC n 
D n = TD n x SnD n 
40.3.1 .4 PCS Receive function 

The PCS Receive function shall conform to the PCS Receive state diagram in Figure 40-10a including com- 
pliance with the associated state variables as specified in 40.3.3. 

The PCS Receive function accepts received code-groups provided by the PMA Receive function via the 
parameter rx_symb_vector. To achieve correct operation, PCS Receive uses the knowledge of the encoding 
rules that are employed in the idle mode. PCS Receive generates the sequence of vectors of four quinary 
symbols (RA n , RB n , RC n , RD n ) and indicates the reliable acquisition of the descrambler state by setting the 
parameter scr__status to OK. The sequence (RA„, RB n , RC n , RD n ) is processed to generate the signals 
RXD<7:0>, RX_DV, and RX_ER, which are presented to the GMH. PCS Receive detects the transmission 
of a stream of data from the remote station and conveys this information to the PCS Carrier Sense and PCS 
Transmit functions via the parameter lOOOBTreceive. 

40.3.1.4.1 Decoding of code-groups 

When the PMA indicates that correct receiver operation has been, achieved by setting the loc_rcvr_status 
parameter to the value OK, the PCS Receive continuously checks that the received sequence satisfies the 
encoding rule used in idle mode. When a violation is detected, PCS Receive assigns the value TRUE to the 
parameter lOOOBTreceive and, by examining the last two received vectors (RA n _] , RB n _j , RC n _j , RD n _j) and 
(RA n , RB n , RC n , RD n ), determines whether the violation is due to reception of SSD or to a receiver error. 

Upon detection of SSD, PCS Receive also assigns the value TRUE to the parameter lOOOBTreceive that is 
provided to the PCS Carrier Sense and Collision Presence functions. During the two symbol periods corre- 
sponding to SSD, PCS Receive replaces SSD by preamble bits. Upon the detection of SSD, the signal 
RX_DV is asserted and each received vector is decoded into a data octet RXD<7:0> until ESD is detected. 

Upon detection of a receiver error, the signal RX_ER is asserted and the parameter rxerror_status assumes 
the value ERROR. De-assertion of RX_ER and transition to the IDLE state (rxerror_status=NO_ERROR) 
takes place upon detection of four consecutive vectors satisfying the encoding rule used in idle mode. 

During reception of a stream of data, PCS Receive checks that the symbols RA n , RB n , RC n , RD n follow the 
encoding rule defined in 40.3.1.3.5 for ESD whenever they assume values ± 2. PCS Receive processes two 
consecutive vectors at each time n to detect ESD. Upon detection of ESD, PCS Receive de-asserts the signal 
RX_DV on the GM1I. If the last symbol period of ESD indicates that a carrier extension is present, PCS 
Receive will assert the RX_ER signal on the GMH. If no extension is indicated in the ESD2 quartet, PCS 
Receive assigns the value FALSE to the parameter receiving. If an extension is present, the transition to the 
IDLE state occurs after detection of a valid idle symbol period and the parameter receiving remains TRUE 
until check_idle is TRUE. If a violation of the encoding rules is detected, PCS Receive asserts the signal 
RXJER for at least one symbol period. 

A premature stream termination is caused by the detection of invalid symbols during the reception of a data 
stream. Then, PCS Receive waits for the reception of four consecutive vectors satisfying the encoding rule 
used in idle mode prior to de-asserting the error indication. Note that RX_DV remains asserted during the 
symbol periods corresponding to the first three idle vectors, while RX_ER=TRUE is signaled on the GMII. 
The signal RX_ER is also asserted in the LINK FAILED state, which ensures that RX_ER remains asserted 
for at least one symbol period. 
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40.3.1 .4.2 Receiver descrambler polynomials 

The PHY shall descramble the data stream and return the proper sequence of code-groups to the decoding 
process for generation of RXD<7:0> to the GMII. For side-stream descrambling, the MASTER PHY shall 
employ the receiver descrambler generator polynomial g' M {x) = 1 + x 20 + x and the SLAVE PHY shall 
employ the receiver descrambler generator polynomial g , s (x) = 1 + jc 13 + x . 

40.3.1 .5 PCS Carrier Sense function 

The PCS Carrier Sense function generates the GMII signal CRS, which the MAC uses for deferral in half 
duplex mode. The PCS shall conform to the Carrier Sense state diagram as depicted in Figure 40-1 1 includ- 
ing compliance with the associated state variables as specified in 40.3.3. The PCS Carrier Sense function is 
not required in a 1000BASE-T PHY that does not support half duplex operation. 

40.3.2 Stream structure 

The tx_symb_vector and rx-symb_vector structure is shown in Figure 40-7. 



►U 4* ►U »U ►U 

IDLE ' SSD ' DATA 1 csreset 1 ESD 1 IDLE 









IDLE 


1 SSD 1 


DATA 


1 csreset 


ESD ' 


IDLE 



Cn ►U — ►U — 4< — 4< 

IDLE ' SSD 1 DATA csreset 1 ESD 1 IDLE 

►U — ►U ►U >U — ►U 

IDLE * SSD 1 DATA 1 csreset 1 ESD 1 IDLE 

Figure 40-7— The tx_symb_vector and rx-symb_vector structure 

40.3.3 State variables 
40.3.3.1 Variables 

CEXT 

A vector of four quinary symbols corresponding to the code-group generated in idle mode to denote 
carrier extension, as specified in 403.1 .3. 

CEXT_Err 

A vector of four quinary symbols corresponding to the code- group generated in idle mode to denote 
carrier extension with error indication, as specified in 40.3.1 .3. 

COL 

The COL signal of the GMII as specified in 35.2.2.10. 

config 

The config parameter set by PMA and passed to the PCS via the PMA_CONFIG. indicate primitive. 
Values: MASTER, SLAVE. 
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CRS 

The CRS signal of the GMII as specified in 35.2.2.9. 
CS Extend 

A vector of four quinary symbols corresponding to the code-group indicating convolutional 
encoder reset condition during carrier extension, as specified in 40.3.1 3. 

CSExtend_Err 

A vector of four quinary symbols corresponding to the code-group indicating convolutional 
encoder reset condition during carrier extension with error indication, as specified in 40.3.1 .3. 

CSReset 

A vector of four quinary symbols corresponding to the code-group indicating convolutional 
encoder reset condition in the absence of carrier extension, as specified in 40.3.1 .3. 

DATA 

A vector of four quinary symbols corresponding to the code-group indicating valid data, as 
specified in 40.3.1 .3. 

ESDI 

A vector of four quinary symbols corresponding to the first code-group of End-of-Stream delimiter, 
as specified in 40.3.1 .3. 

ESD2_ExtJ) 

A vector of four quinary symbols corresponding to the second code-group of End-of-Stream 
delimiter in the absence of carrier extension over the two ESD symbol periods, as specified 
in 40.3.1.3. 

ESD2_Ext_l 

A vector of four quinary symbols corresponding to the second code-group of End-of-Stream 
delimiter when carrier extension is indicated during the first symbol period of the End-of-Stream 
delimiter, but not during the second symbol period, as specified in 40.3.1.3. 

ESD2_Ext_2 

A vector of four quinary symbols corresponding to the second code-group of End-of-Stream 
delimiter when carrier extension is indicated during the two symbol periods of the End-of-Stream 
delimiter, as specified in 40.3.1 .3. 

ESDJExt.Err 

A vector of four quinary symbols corresponding to either the first or second code-group of 
End-of-Stream delimiter when carrier extension with error is indicated during the End-of-Stream 
delimiter, as specified in 40.3.1 .3. 

IDLE 

A sequence of vectors of four quinary symbols representing the special code-group generated in 
idle mode in the absence of carrier extension or carrier extension with error indication, as specified 
in 40.3.1.3. 

link_status 

The link_status parameter set by PMA Link Monitor and passed to the PCS via the 
PMAJLINK.indicate primitive. 
Values: OK or FAIL 
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loc_rcvr_status 

The loc_rcvr_status parameter set by the PMA Receive function and passed to the PCS via the 
PMA_RXSTATUS .indicate primitive. 
Values: OK or NOT.OK 

pcs_reset 

The pcs_reset parameter set by the PCS Reset function. 
Values: ON or OFF 

(RA n ,RB n ,RC n ,RD n ) 

The vector of the four correctly aligned most recently received quinary symbols generated by PCS 
Receive at time n. 

lOOOBTreceive 

The receiving parameter generated by the PCS Receive function. 
Values: TRUE or FALSE 

rem_rcvr_status 

The rem_rcvr_status parameter generated by PCS Receive. 
Values: OKorNOT_OK 

repeaterjnode 

See 36.2.5.1.3 

Rx n 

Alias for rx_symb_vector (a vector RA n , RB n , RC n , RD n ) at time n. 
rxerror_status 

The rxerror_status parameter set by the PCS Receive function. 
Values: ERROR or NO_ERROR ' 

RX.DV 

The RXJ3V signal of the GMI1 as specified in 35.2.2.6. 

RX.ER 

The RX_ER signal of the GMII as specified in 35.2.2.8. 
rx_symb_vector 

A vector of four quinary symbols received by the PMA and passed to the PCS via the 
PMAJJNITDATA .indicate primitive. 
Value: SYMB_4D 

0] 

The RXD<7:0> signal of the GMil as specified in 35.2.2.7. 



A vector of four quinary symbols corresponding to the first code-group of the Start-of-Stream 
delimiter, as specified in 40.3.1 .3.5. 



A vector of four quinary symbols corresponding to the second code-group of the Start-of-Stream 
delimiter, as specified in 40.3.1 .3.5. 



RXD[7: 
SSD1 

SSD2 
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lOOOBTtransmit 

A boolean used by the PCS Transmit Process to indicate whether a frame transmission is in 

progress. Used by Carrier Sense process. 

Values: TRUE: The PCS is transmitting a stream 

FALSE: The PCS is not transmitting a stream 

TXD[7:0] 

The TXD<7:0> signal of the GMI1 as specified in 35.2.2.4. 
tx_enable 

The tx_enable parameter generated by PCS Transmit as specified in Figure 40-8. 
Values: TRUE or FALSE 

tx_error 

The tx_error parameter generated by PCS Transmit as specified in Figure 40-8. 
Values: TRUE or FALSE 

TX_EN 

The TX_EN signal of the GMII as specified in 35.2.2.3. 

TX.ER 

The TX_ER signal of the GMII as specified in 35.2.2.5. 

tx_mode 

The tx_mode parameter set by the PMA PHY Control function and passed to the PCS via the 

PMA_TXMODE.indicate primitive. 

Values: SEND_Z, SEND_N, or SENDJ 

Tx n 

Alias for tx_symb_vector at time n. 
tx_symb_vector 

A vector of four quinary symbols generated by the PCS Transmit function and passed to the PMA 
via the PM A_UNITDATA .request primitive. 
Value: SYMB_4D 

xmt_err 

A vector of four quinary symbols corresponding to a transmit error indication during normal data 
transmission or reception, as specified in 40.3.1 .3. 

40.3.3.2 Functions 

check_end 

A function used by the PCS Receive process to detect the reception of valid ESD symbols. The 
check_end function operates on the next two rx_symb_vectors, (Rx n+] ) and (Rx n+2 ), available via 
PMA_UNITDATA. indicate, and returns a boolean value indicating whether these two consecutive 
vectors contain symbols corresponding to a legal ESD encoding or not, as specified in 40.3.1 .3. 

checkjdle 

A function used by the PCS Receive process to detect the reception of valid idle code-groups after 
an error condition during the process. The checkjdle function operates on the current 
rx_symb_vector and the next three rx_symb_vectors available via PMA_UNITDATA .indicate and 
returns a boolean value indicating whether the four consecutive vectors contain symbols 
corresponding to the idle mode encoding or not, as specified in 40.3.1 .3. 
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DECODE 

In the PCS Receive process, this function takes as its argument the value of rx_symb_vector and 
returns the corresponding GMI1 RXD<7:0> octet. DECODE follows the rules outlined in 402.6.1 . 

ENCODE 

In the PCS Transmit process, this function takes as its argument GMII TXD <7:0> and returns the 
corresponding tx_symb_vector. ENCODE follows the rules outlined in 40.2.5.1 . 

40.3.3.3 Timer 

symb_timer 

Continuous timer: The condition symb_timer_done becomes true upon timer expiration. 

Restart time: Immediately after expiration; timer restart resets the condition symb_timer_done . 

Duration: 8 ns nominal. (See clock tolerance in 40.6.1 .2.6.) 

Symb-timer shall be generated synchronously with TXJTCLK. In the PCS Transmit state diagram, 
the message PMA_UNITDATA .request is issued concurrently with symb_timer_done. 

40.3.3.4 Messages 

PMA_UNITDATA .indicate (rx_symb_vector) 

A signal sent by PMA Receive indicating that a vector of four quinary symbols is available in 
rx_symb_vector. (See 40.2.6.) 

PMA_UNITDATA.request (tx_symb_vector) 

A signal sent to PMA Transmit indicating that a vector of four quinary symbols is available in 
tx_symb_vector. (See 40.2.5.) 

PUDI 

Alias for PMA_UNITDATA .indicate (rx_symb_vector). 

PUDR 

Alias for PMA_UNITDATA request (tx_symb_vector). 

STD 

Alias for symb_timer_done. 



Copyright © 2002 IEEE. All rights reserved. 



179 



IEEE Std 802.3-2002®, Section Three 
40.3.4 State diagrams 



LOCAL AND METROPOLITAN AREA NETWORKS: 



pcs_reset = ON + 
llnk_status = FAIL 



i r 

DISABLE DATA TRANSMISSION 

tx.enable <= FALSE 
tx_em>r <=FALSE 



tx.mode = SEND_N* 
TX.EN = FALSE * 
TX_ER = FALSE 



ENABLE DATA TRANSMISSION 



tx_enable <=TX_EN 
tx_error <=TX_ER 



tx_mode * SEND N 

tx_mode = SEND_N 

Figure 40-8— PCS Data Transmission Enabling state diagram 
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1 



pcs_reset = ON 

_j 



SEND IDLE 



1000BTtransmit <= FALSE 
COL <= FALSE 
tx_symb_vector <= IDLE 
PUDR 



STD* 0? 
tx_enable = FALSE 



STD * lx_enable = TRUE * tx error = FALSE 



SSD1 VECTOR 



lOOOBTtransmit TRUE 
COL <= lOOOBTreceive 
tx_symb_ vector <= SSD1 
PUDR 



STD * tx_error = TRUE 



STD * tx_enable - 
+tx_error = TRUE 



TRUE* 



SSD1 VECTOR. ERROR 



lOOOBTtransmit <= TRUE 
COL lOOOBTreceive 
tx_symb_vector <= SSD1 
PUDR 



STD 



STD * tx.error = FALSE 



SSD2 VECTOR 



COL <= 1000BTreceive 
tx_symb_vector <= SSD2 
PUDR 



SSD2 VECTOR, ERROR 



COL <= 1000BTreceive 
tx_symb_ vector <= SSD2 
PUDR 



I STD 



STD 



tx_enable=TRUE' 
tx_error= TRUE 



STD 



ERROR CHECK 



TRANSMIT ERROR 



COL <= 1000BTreceive 
tx_symb_vector <= xrrrt_err 
PUDR 



+ ELSE 



1st CSReset VECTOR 



lOOOBTtransmit «= FALSE 
COL <= FALSE 
tx_symb_ vector <= CSReset 
PUDR 



STD 



tx.enable = FALSE * tx_error = TRUE 



2nd CSReset VECTOR 
lOOOBTtransmit <= FALSE 
COL c= FALSE 
tx_symb_ vector <= CSReset 
PUDR 



STD 



1st CS Extension VECTOR 

COL <= 1000BTreceive 
lf(TXD<7:O> = 0x0F) 
THEN tx_symb_vector <= CS Extend 
ELSE tx_symb_ vector <= CSExtend_Err 
PUDR 



STD * tx_error = FALSE 



£1 



ESDI VECTOR 


lOOOBTtransmit 


«= FALSE 


COL FALSE 




tx_symb_ vector 


c=ESD1 


PUDR 





STD 



STD * tx_error = TRUE 



2nd CS Extension VECTOR 

COL «= 1000BTreceive 
lf(TXD<7:O> = 0x0F) 
THEN tx_symb_ vector <= CSExtend 
ELSE tx_symb_vector <= CS Extend. Err 
PUDR 



STD * tx.error - FALSE 



STD * tx__error = TRUE 



ESD2_exL0 VECTOR 



COL FALSE 
tx_symb_ vector < 
PUDR 



> ESD2_ext_0 



STD 



ESDI VECTOR with Extension 

COL «= lOOOBTrecelve 
lf(TXD<7:0> = 0x0F) 
THEN tx_symb_vector <= ESDI 
ELSE tx_symb_ vector ESD_Ext_Err 
PUPR 



STD * tx_error = FALSE 



ESD2_ext_1 VECTOR 



lOOOBTtransmit FALSE 
COL <- FALSE 

tx symb vector <= ESD2_ext_1 
PUDR 



I STD 



STD * tx_error = TRUE 



ESD2 VECTOR with Extension 

COL <= 1000BTreceive 
If (TXD<7:0> = OxOF) 



THEN tx_symb_ vector < 
ELSEtx_symb vector* 
P UPR 



3 ESD2_ext_2 
ESD_Ext_Err 



tx_enabie = TRUE *tx__error = FALSE 



TRANSMIT DATA 



COL <= lOOOBTreceive 
tx_symb_vectorc=ENCODE(TXD<7:0>; 
PUDR 



STD 



STD* 

tx.enabte = FALSE * 
tx„error = TRUE 



CARRIER EXTENSION 



COL <= 1000BTreceive 

If (TXD<7:0> = OxOF) 

THEN tx_symb_ vector <= CEXT 

ELSE tx_symb_ vector <= CEXT_Err 

PUDR 



STD* 

rrn tx.enable = TRUE* 
Wtx_error = TRUE 
STD* 

tx_enable = TRUE* 



I STtr tX-error = FALSE 
^ tx.enable = FALSE * 



tx_error = FALSE 



STD * tx error = FALSE 1 STD * tx.error = TRUE 



Figure 40-9— PCS Transmit state diagram 
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pcs_reset=ON + 

(PMA_RXSTATUS.indicate (NOT.OK) < 
linK_status = FAIL) * 
1000BTreceive = FALSE * 
PUDI 



IDLE 



1000BTrecelve —FALSE 
rxerror.status — NO_ERROF 
RX_ER <=FALSE 
RX_DV —FALSE 



(RXn) gIDLE 



NON-IDLE DETECT 



1000BTrecelve -TRUE 



PUDI 



CONI 
SSD2V 


: IRM 
ECTOR 







(Rx^-SSDI + 
(Rx,,) 0 SSD2 



BAD SSD 



rxerrar_status —ERROR 
RX.ER -TRUE 
RXD<7:0> — OxOE 



PUDI * check_idle=TRUE 



(RV,) = SSD1* 
(Rx 0 ) = SSD2 



SSD1 VECTOR 



RX_ER -FALSE 
RX.DV -TRUE 
RXD<7:0> -0x55 



(RxJ = SSD2 



PUDI 



SSD2 VECTOR 



check, end = FALSE * 
(Rx^,) 6 xmt_err 



1. 



PUDI 



RECEIVE 



DATA ERROR 



RX_ER -TRUE 



PUDI 



check end = TRUE * 
(Rx 0 .,Tg CSReset * 
{RxJ G CSReset * 
(Rx^.jG ESDI • 
(Rx ol i)eESD2 ExLO 



ELSE 



(PMA_RXSTATUS.indicate (NOT.OK) 
link_ status = FAIL) * 
lOOO BTreceive = JRUE 



LINK FAILED 



RX_ER —TRUE 

1 0OOBTreceive —FALSE 



CARRIER EXTENSION 
with ERROR 



RXD<7:0> — 0x1 F 



PUDI 



EXTENDING 



(Rx^JGCEXT 



ELSE 



(Rx^jelDLE 



CARRIER EXTENSION 



RXD<7:0> — OxOF 



PUDI 



check.end = FALSE * 
(Rx^OGDATA 



PREMATURE END 



RX_ER - TRUE 



PUDI * check Jdle=TRUE 



check.end = TRUE * 
(Rx„.,)€ CSReset* 
(RVi)CCSExtend 



RX_ER -FALSE 
RXO<7:0> — DECOOEtRX^,) 



check.end = TRUE * 
(RVi) e CSExtend 



CP 



Figure 40-1 Oa— PCS Receive state diagram, part a 
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1st CSReset VECTOR 



RX_DV— FALSE 
1000BTreceive -FALSE 
RX.ER —FALSE 



PUDI 



(Rx^jG CSReset* 
(Rx„) G ESDI * 
(Rx o+I )<EESD2_ExL0 



2nd CSReset VECTOR 



1000BTreceive —FALSE 
RX.ER —FALSE 



PUDI 



(Rx^jGESDI* 
(Rx n )eESD2_Ext_0 



ESD to IDLE1 



1000BTreceive —FALSE 
RX.ER -FALSE 



PUDI 



1 



1stCSExtend_Err 
VECTOR 



RX_DV —FALSE 
RXD<7:0> -Ox 1F 
RX.ER -TRUE 



1st CSExtend VECTOR 



RX.DV —FALSE 
RXD<7:0> -Ox OF 
RX.ER —TRUE 



DELAY 1st CSErr 



ELSE 



( R Vi) € CSReset* 
(RxJGESDI * 
(Rx„ H )GESD2_Ext_0 



PUDI 



DELAY 1st CSExt 



ELSE 



2nd CSExtend_Err 
VECTOR 



RXD<7:0> -Ox 1F 



(RV,) e CSExtend 



2nd CSExtend VECTOR 



PUDI 



DELAY 2nd CSErr 



(Rx^i) G ESD_Ext_Err * 
(Rx n )GESD2_ExL1 



(Rx^OeESDI* 
(RxJ G ESD2_ExU 



ESD.Errto IDLE 



RXD<7:0> -Ox IF 



PUDI 



PUDI 



DELAY 2nd CSExt 



ELSE 



ELSE 



ESD.Ext to IDLE 



PUDI 



ESD to CEXT.Errl 


RXD<7:0> -Ox1F 




PUDI 




r 


ESOtoCEXT_Err2 







(RVOGESDI* 
(RxJ G ESD2_ExL2 



ESD to CEXT1 



PUDI 



ESD to CEXT2 



PUDI 



PUDI 



Figure 40-1 Ob— PCS Receive state diagram, part b 
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pcs_ reset = ON + 
link_status *OK 



CARRIER SENSE OFF 


CRS <= 


=FALSE 


) = FALSE * 
t = TRUE) + 
= TRUE 






f 


CARRIER SENSE ON 


CRS c-TRUE 



(repeater_mode = TRUE + 
1O00BTtransmit= FALSE) * 
1000BTreceive = FALSE 



Figure 40-11 —PCS Carrier Sense state diagram 
40.3.4.1 Supplement to state diagram 

Figure 40-12 reiterates the information shown in Figure 40-9 in timing diagram format. It is informative 
only. Time proceeds from left to right in the figure. 



tx_enable n 



TXD[7:0] 



Data stream 



SSD n 



csresetn 



ESD n 



An-.D n 



I <s<;n I 



IDLE ' SSD 1 DATA 1 csreset 1 ESD 1 IDLE 

Figure 40-12— PCS sublayer to PMA timing 
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40.4 Physical Medium Attachment (PMA) sublayer 
40.4.1 PMA functional specifications 

The PMA couples messages from a PMA service interface specified in 40.2.2 to the 1000BASE-T baseband 
medium, specified in 40.7. 

The interface between PMA and the baseband medium is the Medium Dependent Interface (MDI), which is 
specified in 40.8. 



Technology Dependent Interface (Clause_28) 




PMA_ UN ITD ATA. request 



(tx_symb_vector) 



loc_rcvr_status 



scr_status 



PMA_UNITDATA.Indicate 



(rx_symb_ vector) 



PMA 
TRANSMIT 



PMA 
RECEIVE 



BLDA + 
BI_DA - 
BI_DB + 
BLDB - 
BI_DC + 
BI_DC - 
. Bl DD + 
BI_DD - 



received_clock 



CLOCK 
RECOVERY 



PMA SERVICE 
INTERFACE 



MEDIUM 
DEPENDENT 
INTERFACE 
(MDI) 



I I 
NOTE The recovered_clock arc is shown to indicate delivery of the recovered clock signal back to PMA TRANSMIT for loop timing. 



Figure 40-13— PMA reference diagram 
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40.4.2 PMA functions 

The PMA sublayer comprises one PMA Reset function and five simultaneous and asynchronous operating 
functions. The PMA operating functions are PHY Control, PMA Transmit, PMA Receive, Link Monitor, 
and Clock Recovery. All operating functions are started immediately after the successful completion of the 
PMA Reset function. 

The PMA reference diagram, Figure 40-13, shows how the operating functions relate to the messages of the 
PMA Service interface and the signals of the MDI. Connections from the management interface, comprising 
the signals MDC and MDIO, to other layers are pervasive and are not shown in Figure 40-13. The manage- 
ment interface and its functions are specified in Clause 22. 

40.4.2.1 PMA Reset function 

The PMA Reset function shall be executed whenever one of the two following conditions occur: 

a) Power on (see 36.2.5.1 .3) 

b) The receipt of a request for reset from the management entity 

PMA Reset sets pcs_reset=ON while any of the above reset conditions hold true. All state diagrams take the 
open-ended pma_reset branch upon execution of PMA Reset. The reference diagrams do not explicitly show 
the PMA Reset function. 

40.4.2.2 PMA Transmit function 

The PMA Transmit function comprises four synchronous transmitters to generate four 5-level pulse-ampli- 
tude modulated signals on each of the four pairs BI_DA, BI_DB, BI_DC, and BI_DD. PMA Transmit shall 
continuously transmit onto the MDI pulses modulated by the quinary symbols given by 
tx_symb_vector[BI_DA], tx_symb_vector[BI_DB], tx_symb_vector[BI_DC] and tx_symb_vector[BI_DD], 
respectively. The four transmitters shall be driven by the same transmit clock, TX_TCLK. The signals gener- 
ated by PMA Transmit shall follow the mathematical description given in 40.4.3.1 , and shall comply with 
the electrical specifications given in 40.6. 

When the PMA_CONFIG .indicate parameter config is MASTER, the PMA Transmit function shall source 
TX_TCLK from a local clock source while meeting the transmit jitter requirements of 40.6.1 .2.5. When the 
PMA_CONHG .indicate parameter config is SLAVE, the PMA Transmit function shall source TX_TCLK 
from the recovered clock of 40.4.2.6 while meeting the jitter requirements of 40.6.1 .2.5. 

40.4.2.3 PMA Receive function 

The PMA Receive function comprises four independent receivers for quinary pulse-amplitude modulated 
signals on each of the four pairs BI_DA, BIJDB, BI_DC, and BI_DD. PMA Receive contains the circuits 
necessary to both detect quinary symbol sequences from the signals received at the MDI over receive pairs 
BI_DA, BI_DB, BI_DC, and BI_DD and to present these sequences to the PCS Receive function. The sig- 
nals received at the MDI are described mathematically in 40.4.3.2. The PMA shall translate the signals 
received on pairs BI_DA, BI_DB, BI_DC, and BI_DB into the PMA_UNITDATA .indicate parameter 
rx_symb_vector with a symbol error rate of less than 10" 10 over a channel meeting the requirements of 40.7. 

To achieve the indicated performance, it is highly recommended that PMA Receive include the functions of 
signal equalization, echo and crosstalk cancellation, and sequence estimation. The sequence of code-groups 
assigned to tx_symb_vector is needed to perform echo and self near-end crosstalk cancellation. 
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The PMA Receive function uses the scr_status parameter and the state of the equalization, cancellation, and 
estimation functions to determine the quality of the receiver performance, and generates the loc_rcvr_status 
variable accordingly. The precise algorithm for generation of loc_rcvr_status is implementation dependent. 

40.4.2.4 PHY Control function 

PHY Control generates the control actions that are needed to bring the PHY into a mode of operation during 
which frames can be exchanged with the link partner. PHY Control shall comply with the state diagram 
description given in Figure 40-15. 

During Auto-Negotiation PHY Control is in the DISABLE 1000BASE-T TRANSMITTER state and the 
transmitters are disabled. When the Auto-Negotiation process asserts link_control=ENABLE, PHY Control 
enters the SLAVE SILENT state. Upon entering this state, the maxwait timer is started and PHY Control 
forces transmission of zeros by setting tx_mode=SEND_Z. The transition out of the SLAVE SILENT state 
depends on whether the PHY is operating in MASTER or SLAVE mode. In MASTER mode, PHY Control 
transitions immediately to the TRAINING state. In SLAVE mode, PHY Control transitions to the TRAIN- 
ING state only after the SLAVE PHY converges its decision feedback equilizer (DFE), acquires timing, and 
acquires its descrambler state, and sets scr_status=OK. 

For the SLAVE PHY, the final convergence of the adaptive filter parameters is completed in the TRAINING 
state. The MASTER PHY performs all its receiver convergence functions in the TRAINING state. Upon 
entering the TRAINING state, the minwait_timer is started and PHY Control forces transmission into the 
idle mode by asserting tx_mode=SEND_I. After the PHY completes successful training and establishes 
proper receiver operations, PCS Transmit conveys this information to the link partner via transmission of the 
parameter loc_rcvr_status. (See Sd n [2] in 40.3.1 .3.4.) The link partner's value for loc_rcvr_status is stored in 
the local device parameter rem_rcvr status. When the minwait_timer expires and the condition 
loc_rcvr_status=OK is satisfied, PHY Control transitions into either the SEND IDLE OR DATA state if 
rem_rcvr_status=OK or the SEND IDLE state if rem_rcvr_status=NOT_OK. On entry into either the SEND 
IDLE or SEND IDLE OR DATA states, the maxwait_timer is stopped and the minwait_timer is started. 

The normal mode of operation corresponds to the SEND IDLE OR DATA state, where PHY Control asserts 
tx_mode=SEND_N and transmission of data over the link can take place. In this state, when no frames have 
to be sent, idle transmission takes place. 

If unsatisfactory receiver operation is detected in the SEND IDLE OR DATA or SEND IDLE states 
(loc_rcvr_status=NOT_OK) and the minwait_timer has expired, transmission of the current frame is com- 
pleted and PHY Control enters the SLAVE SILENT state. In the SEND IDLE OR DATA state, whenever a 
PHY that operates reliably detects unsatisfactory operation of the remote PHY (rem_rcvr_status=NOT_OK) 
and the minwait_timer has expired, it enters the SEND IDLE state where tx_mode=SEND_I is asserted and 
idle transmission takes place. In this state, encoding is performed with the parameter loc_rcvr_status=OK. 
As soon as the remote PHY signals satisfactory receiver operation (rem_rcvr_status=OK) and the 
minwait_timer has expired, the SEND IDLE OR DATA state is entered. 

PHY Control may force the transmit scrambler state to be initialized to an arbitrary value by requesting the 
execution of the PCS Reset function defined in 40.3.1 .1 . 

40.4.2.5 Link Monitor function 

Link Monitor determines the status of the underlying receive channel and communicates it via the variable 
link_status. Failure of the underlying receive channel typically causes the PMA's clients to suspend normal 
operation. 

The Link Monitor function shall comply with the state diagram of Figure 40-16. 
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Upon power on, reset, or release from power down, the Auto-Negotiation algorithm sets 
link_control=SCAN_FOR_CARRIER and, during this period, sends fast link pulses to signal its presence to 
a remote station. If the presence of a remote station is sensed through reception of fast link pulses, the Auto- 
Negotiation algorithm sets link_control=DISABLE and exchanges Auto-Negotiation information with the 
remote station. During this period, link_status=FAIL is asserted. If the presence of a remote 1000BASE-T 
station is established, the Auto-Negotiation algorithm permits full operation by setting 
link_control=ENABLE. As soon as reliable transmission is achieved, the variable link_status=OK is 
asserted, upon which further PHY operations can take place. 

40.4.2.6 Clock Recovery function 

The Clock Recovery function couples to all four receive pairs. It may provide independent clock phases for 
sampling the signals on each of the four pairs. 

The Clock Recovery function shall provide clocks suitable for signal sampling on each line so that the sym- 
bol-error rate indicated in 40.4.23 is achieved. The received clock signal must be stable and ready for use 
when training has been completed (loc_rcvr_status=OK). The received clock signal is supplied to the PMA 
Transmit function by received_c!ock. 

40.4.3 MDI 

Communication through the MDI is summarized in 40.4.3.1 and 40.4.3.2. 
40.4.3.1 MDI signals transmitted by the PHY 

The quinary symbols to be transmitted by the PMA on the four pairs BI_DA, BI_DB, BI_DC, and BI_DD 
are denoted by tx_symb_vector[BI_DA], tx_symb_vector[BI_DB], tx_symb_vector[BI_DC], and 
tx_symb_vector[BI_DD], respectively. The modulation scheme used over each pair is 5-level Pulse Ampli- 
tude Modulation. PMA Transmit generates a pulse-amplitude modulated signal on each pair in the following 
form: 



In the above equation, a k represents the quinary symbol from the set {2, 1 , 0, -1 , -2} to be transmitted at 
time kT , and /ij(f) denotes the system symbol response at the MDI. This symbol response shall comply 
with the electrical specifications given in 40.6. 

40.4.3.2 Signals received at the MDI 

Signals received at the MDI can be expressed for each pair as pulse-amplitude modulated signals that are 
corrupted by noise as follows: 



In this equation, h 2 (t) denotes the impulse response of the overall channel between the transmit symbol 
source and the receive MDI and w(t) is a term that represents the contribution of various noise sources. The 
four signals received on pairs B1_DA, BI_DB, BI_DC, and BI_DD shall be processed within the PMA 
Receive function to yield the quinary received symbols rx_symb_vector[BI_DA], rx_symb_vector[BI_DB], 
rx_symb_vector[BI_DC], and rx_symb_vector[Bl_DD] . 
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40.4.4 Automatic MD1/MD1-X Configuration 

Automatic MDI/MDI-X Configuration is intended to eliminate the need for crossover cables between simi- 
lar devices. Implementation of an automatic MD1/MDI-X configuration is optional for 1000BASE-T 
devices. If an automatic configuration method is used, it shall comply with the following specifications. The 
assignment of pin-outs for a 1000BASE-T crossover function cable is shown in Table 40-12 in 40.8. 

40.4.4.1 Description of Automatic MDl/MDI-X state machine 

The Automatic MDI/MDI-X state machine facilitates switching the BI_DA(C)+ and BI_DA(Q- with the 
BI_DB(D)+ and BI_DB(D)- signals respectively prior to the auto-negotiation mode of operation so that 
FLPs can be transmitted and received in compliance with Clause 28 Auto-Negotiation specifications. The 
correct polarization of the crossover circuit is determined by an algorithm that controls the switching func- 
tion. This algorithm uses an 11-bit Linear Feedback Shift Register (LFSR) to create a pseudo-random 
sequence that each end of the link uses to determine its proposed configuration. Upon making the selection 
to either MDI or MDI-X, the node waits for a specified amount of time while evaluating its receive channel 
to determine whether the other end of the link is sending link pulses or PH Y-dependent data. If link pulses or 
PHY-dependent data are detected, it remains in that configuration. If link pulses or PH Y-dependent data are 
not detected, it increments its LFSR and makes a decision to switch based on the value of the next bit. The 
state machine does not move from one state to another while link pulses are being transmitted. 

40.4.4.2 Pseudo-random sequence generator 

One possible implementation of the pseudo-random sequence generator using a linear-feedback shift regis- 
ter is shown in Figure 40-14. The bits stored in the shift register delay line at time n are denoted by S[10:0]. 
At each sample period, the shift register is advanced by one bit and one new bit represented by S[0] is gener- 
ated. Switch control is determined by S[10]. 



RND (sample_timer) 



S[0] S[1] S[2] S[3] S[4] S[5] S[6] S[7] S[8] 



S[9] S[10] 



T T - T 



Figure 40-1 4— Automatic MDI/MDI-X linear-feedback shift register 
40.4.5 State variables 
40.4.5.1 State diagram variables 

config 

The PMA shall generate this variable continuously and pass it to the PCS via the 
PMA_CONFIG.indicate primitive. 

Values: MASTER or SLAVE 

link_control 

This variable is defined in 28.2.6.2. 
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Link_Det 

This variable indicates linkpulse = true or link_status = READY has occurred at the receiver since 
the last time sample_timer has been started. 

Values: TRUE: linkpulse = true or link_status = READY has occurred since the last time 
sample_timer has been started. 

FALSE: otherwise 

linkpulse 

This variable is defined in 28.2.6.3. 

link_status 

This variable is defined in 28.2.6.1 . 

loc_rcvr_status 

Variable set by the PMA Receive function to indicate correct or incorrect operation of the receive 
link for the local PHY. 

Values: OK: The receive link for the local PHY is operating reliably. 

NOT_OK: Operation of the receive link for the local PHY is unreliable. 

MDI_Status 

This variable defines the condition of the Automatic MDI/MDI-X physical connection. 

Values: MDI: The BI_DA, BI_DB, BI_DC, and BI_DD pairs follow the connections as described 
in the MDI column of Table 40-12. 

MDI-X: The B1_DA, BI_DB, BI_DC, and B1_DD pairs follow the connections as 
described in the MDI-X column of Table 40-1 2 . 

pma__reset 

Allows reset of all PMA functions. 

Values: ON or OFF 

Set by: PMA Reset 

rem_rcvr_status 

Variable set by the PCS Receive function to indicate whether correct operation of the receive link 
for the remote PHY is detected or not. 

Values: OK: The receive link for the remote PHY is operating. reliably. 

NOTJ3K: Reliable operation of the receive link for the remote PHY is not detected. 

RND (sample_timer) 

This variable is defined as bit S[10] of the LSFR described in 40.4.4.2 

scr_status 

The scr_status parameter as communicated by the PMA_SCRSTATUS .request primitive. 
Values: OK: The descrambler has achieved synchronization. 
NOT_OK: The descrambler is not synchronized. 

T_Pulse 

This variable indicates that a linkpulse is being transmitted to the MDI. 
Values: TRUE: Pulse being transmitted to the MDI 
FALSE: Otherwise 
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tx_enable 

The tx_enable parameter generated by PCS Transmit as specified in Figure 40-8. 
Values: TRUE or FALSE as per 40.3.3.1 . 

tx_mode 

PCS Transmit sends code-groups according to the value assumed by this variable. 

Values: SEND_N: This value is continuously asserted when transmission of sequences of 

code-groups representing a GMII data stream, control information, or idle mode is to 
take place. 

SEND_I: This value is continuously asserted when transmission of sequences of 
code-groups representing the idle mode is to take place. 

SEND_Z: This value is asserted when transmission of zero code-groups is to take place. 

40.4.5.2 Timers 

All timers operate in the manner described in 14.2.3.2 with the following addition. A timer is reset and stops 
counting upon entering a state where "stop timer" is asserted. 

A_timer 

An asynchronous (to the Auto-Crossover State Machine) free-running timer that provides for a 
relatively arbitrary reset of the state machine to its initial state. This timer is used to reduce the 
probability of a lock-up condition where both nodes have the same identical seed initialization 
at the same point in time. 

Values: The condition A_timer_done becomes true upon timer expiration. 
Duration: This timer shall have a period of 1.3 s ± 25%. 
Initialization of A_timer is implementation specific. 

maxwait_timer 

A timer used to limit the amount of time during which a receiver dwells in the SLAVE SILENT and 
TRAINING states. The timer shall expire 750 ± 10 ms if config = MASTER or 350 ± 5 ms if 
config = SLAVE. This timer is used jointly in the PHY Control and Link Monitor state diagrams. 
The maxwait_timer is tested by the Link Monitor to force link_status to be set to FAIL if the timer 
expires and Ioc_rcvr_status is NOTJ3K. See Figure 40-15. 

minwait_timer 

A timer used to determine the minimum amount of time the PHY Control stays in the TRAINING, 
SEND IDLE, or DATA states. The timer shall expire 1 ± 0.1/*s after being started. 

sample_timer 

This timer provides a long enough sampling window to ensure detection of Link Pulses or 
link_status, if they exist at the receiver. 

Values: The condition sample_timer_done becomes true upon timer expiration. 
Duration: This timer shall have a period of 62 ± 2 ms. 

stabilize_timer 

A timer used to control the minimum time that loc_rcvr_status must be OK before a transition to 
Link Up can occur. The timer shall expire 1 ±0.1 //s after being started. 
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40.4.6 State Diagrams 

40.4.6.1 PHY Control state diagram 



LOCAL AND METROPOLITAN AREA NETWORKS: 



link_control = DIS^LE + pm a_reset=ON 



DISABLE 1000BASE-1 
TRANSMITTER 



link.control = ENABLE 
► 



SLAVE 
SILENT 



start maxwait_timer 
tx mode *= SEND_Z 



config = MASTER + 
scr_status = OK 



minwait_timer_done * 
loc_rcvr_status = OK * 
rem_rcvr_status = OK 



TRAINING 



start minwaitjimer 
tx.mode <= SEND_ 



T 



minwait_timer_done * 
loc_rcvr_status = OK* 
rem_rcvr_status = NOT_OK 



SEND IDLE OR DATA 



Stop maxwalt_timer 
start minwaiLtimer 
tx.mode <= SEND_N 



minwait_tirner__done * 
loc_rcvr_status=OK * 
re m_rcvr_ status = OK 



minwaiLtimer_done * 
loc_rcvr_status=OK * 
rem_rcvr status = NOT_OK 



SEND IDLE 



Stop maxwait_timer 
start minwalt_timer 
tx.mode *= SENDJ 



minwait_timer_done * 
loc_rcvr_status=NOT_OK * 
tx_enable = FALSE 



minwait_timer_done * 
loc_rcvr_status=NOT_OK 



Figure 40-15— PHY Control state diagram 
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40.4.6.2 Link Monitor state diagram 

I pma.reset = ON + 

link_control * ENABLE 



LINK DOWN 
link_status <= FAIL 



loc_rcvr_status = OK 



HYSTERESIS 
start stabilize timer 



loc rcvr status = NOT OK 



stabilize_timer_done * 
loc rcvr status = OK 



LINK UP 



link status <= OK 



loc_rcvr_status = NOT_OK * 
maxwaitJimer_done = TRUE 

NOTES 

1 maxwaitjimer is started in PHY Control state diagram (see Figure 40—15). 

2 The variables link_control and link„status are designated as link_control_(1GigT) and 
link_status_(1GigT), respectively, by the Auto-Negotiation Arbitration state diagram 
(Figure 28—16) 



Figure 40-16— Link Monitor state diagram 
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40.4.6.2.1 Auto Crossover state diagram 



LOCAL AND METROPOLITAN AREA NETWORKS: 



A_timer_done * 
Link.Det = FALSE ' 
T.Pulse = FALSE 



pma_reset = ON 



samp!e_timer_done * 
(RND (sample, timer) = 0 h 
Ltnk.Det = TRUE) 



sample_timer_done * 
(RND(sample_ timer) = 1 + 
Link_Det = TRUE) 



1 



MDI.MODE 



MDI.Status <= MDI 
start sample_timer 



sample_timer_done * 
RND (sample timer) = 1 ' 
Link.Det = FALSE * 
T_ Pulse = FALSE 



MDI-X MODE 



MDLStatus <= MDI-X 
start sample_timer 



sample_timer_done * 
RND (samplejimer) = 0 * 
Link_Det = FALSE * 
T.Pulse = FALSE 



Figure 40-17— Auto Crossover state diagram 



40.5 Management interface 

1000BASE-T makes extensive use of the management functions provided by the Mil Management Interface 
(see 22.2.4), and the communication and self-configuration functions provided by Auto-Negotiation 
(Clause 28.) 

40.5.1 Support for Auto-Negotiation 

All 1000BASE-T PHYs shall provide support for Auto-Negotiation (Clause 28) and shall be capable of 
operating as MASTER or SLAVE. 

Auto-Negotiation is performed as part of the initial set-up of the link, and allows the PHYs at each end to 
advertise their capabilities (speed, PHY type, half or full duplex) and to automatically select the operating 
mode for communication on the link. Auto-negotiation signaling is used for the following two primary pur- 
poses for 1000BASE-T: 

a) To negotiate that the PHY is capable of supporting 1000BASE-T half duplex or full duplex 
transmission. 

b) To determine the MASTER-SLAVE relationship between the PHYs at each end of the link. 

This relationship is necessary for establishing the timing control of each PHY The 1000BASE-T MASTER 
PHY is clocked from a local source. The SLAVE PHY uses loop timing where the clock is recovered from 
the received data stream . 
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40.5.1.1 1000BASE-T use of registers during Auto-Negotiation 

A 1000BASE-T PHY shall use the management register definitions and values specified in Table 40-3. 



Table 40-3-1000BASE-T Registers 



Register 


Bit 


Name 


Description 


Type 3 


0 


0.15:0 


Mil control register 


Defined in 28.2.4.1.1 


RO 


1 


1.15:0 


Mil status register 


Defined in 28.2.4.1.2 


RO 


4 


4.15:0 


Auto-Negotiation 

advertisement 

register 


The Selector Field (4.4:0) is set to the appropriate code 
as specified in Annex 28 A. The Technology Ability 
Field bits 4.12:5 are set to the appropriate code as spec- 
ified in Annexes 28B and 28D. Bit 4.15 is set to logical 
one to indicate the desired exchange of Next Pages 
describing the gigabit extended capabilities. 


RAV 


5 


5.15:0 


Auto-Negotiation 
link partner ability 
register 


Defined in 28.2.4.1 .4. 1000BASE-T implementations 
do not use this register to store Auto-Negotiation Link 
Partner Next Page data. 


RO 


6 


6.15:0 


Auto-Negotiation 
expansion register 


Defined in 28.2.4.1.5 


RO 


7 


7.15:0 


Auto-Negotiation 
Next Page transmit 
register 


Defined in 28.2.4.1.6 


RAV 


8 


8.15:0 


Auto-Negotiation 
link partner Next 
Page register 


Defined in 28.2.4.1.8 


RO 


9 


9.15:13 


Test mode 
bits 


Transmitter test mode operations are defined by bits 
9 . 1 5 : 1 3 as described in 40 .6 . 1 . 1 .2 and Table 40-7 . The 
default values for bits 9.15:13 are all zero. 


RAV 


9 


9.12 


MASTER-SLAVE 
Manual Config 
Enable 


l=Enable MASTER-SLAVE Manual configuration 
value 

0=Disable MASTER-SLAVE Manual configuration 
value 

Default bit value is 0. 


RAV 


o 
y 


nil 


MAa 1 cK-iSLAVb 
Config Value 


l=Conngure PHY as MASTER during 
MASTER-SLAVE negotiation, only when 9.12 is set 
to logical one. 

0=Configure PHY as SLAVE during 
MASTER-SLAVE negotiation, only when 9.12 is set 
to logical one. 
Default bit value is 0. 


RAV 


9 


9.10 


Port type 


Bit 9.10 is to be used to indicate the preference to oper- 
ate as MASTER (multiport device) or as SLAVE (sin- 
gle-port device) if the MASTER-SLAVE Manual 
Configuration Enable bit, 9.12, is not set. 
Usage of this bit is described in 40.5.2. 
1 =Multiport device 
0=single-port device 


RAV 


9 


9.9 


1000BASE-T 
Full Duplex 


1 = Advertise PHY is 1000BASE-T full duplex capable. 
0 = Advertise PHY is not 1000BASE-T full duplex 
capable. 


RAV 


9 


9.8 


I000BASE-T Half 
Duplex 


1 = Advertise PHY is 1000BASE-T half duplex 
capable. 

0 = Advertise PHY is not 1 000BASE-T half duplex 
capable. 


RAV 


a RAV = Read/Write, RO = Read Only, SC = Self Clearing, LH = Latch High 
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Table 40-3— 1000BASE-T Registers (continued) 



Register 


Bit 


Name 


Description 


Type 3 


9 


9.7:0 


Reserved 


Write as 0, ignore on read. 


R/W 


10 


10.15 


MASTER- 
SLAVE 

configuration fault 


Configuration fault, as well as the criteria and method 
of fault detection, is PHY specific. The MAS- 
TER-SLAVE Configuration Fault bit will be cleared 
each time register 10 is read via the management inter- 
face and will be cleared by a 1000BASE-T PMA reset. 
This bit will self clear on Auto-Negotiation enable or 
Auto-Negotiation complete .This bit will be set if the 
number of failed MASTER-SLAVE resolutions reaches 
7. For 1000BASE-T, the fault condition will occur when 
both PHYs are forced to be MASTERS or SLAVEs at 
the same time using bits 9.1 2 and 9.1 1 . Bit 10.15 should 
be set via the MASTER-SLAVE Configuration Resolu- 
tion function described in 40 5. 2. 
J = JViAo ltiK-oLAVfc configuration tault detected 
0 = No MASTER-SLAVE configuration fault 
detected 


RO/LH/SC 


10 


10.14 


MASTER-SLAVE 

configuration 

resolution 


1 = Local PHY configuration resolved to MASTER 
U = Local rni configuration resolved to i>LAVh 


RO 


10 


10.13 


Local Receiver 
Status 


1 = Local Receiver OK (loc_rcvr_status=OK) 

0 = Local Receiver not OK (loc_rcvr_status=NOT_OK) 

Defined by the value of loc_rcvr_status as per 40.45.1 . 


RO 


10 


10.12 


Remote Receiver 
Status 


1 = Remote Receiver OK (rem_rcvr_status=OK) 
0 = Remote Receiver not OK 
(rem_rcvr_status=NOT_OK) 

Defined by the value of rem_rcvr_status as per 40.4.5.1 . 


RO 


10 


10.11 


LP 1000T FD 


1 = Link Partner is capable of 1000BASE-T full duplex 
0 = Link Partner is not capable of I000BASE-T full 
duplex 

This bit is guaranteed to be valid only when the Page 
received bit (6.1) has been set to 1 . 


RO 


10 


10.10 


LP 1000T HD 


1 = Link Partner is capable of I000BASE-T half duplex 
0 = Link Partner is not capable of 1000BASE-T half 
duplex 

This bit is guaranteed to be valid only when the Page 
received bit (6.1 ) has been set to 1 . 


RO 


10 


10.9:8 


Reserved 


Reserved 


RO 


10 


10.7:0 


Idle Error Count 


Bits 10.7:0 indicate the Idle Error count, where 10.7 is 
the most significant bit. These bits contain a cumulative 
count of the errors detected when the receiver is 
receiving idles and PMA_TXMODE.indicate is equal 
to SEND_N (indicating that both local and remote 
receiver status have been detected to be OK). The 
counter is incremented every symbol period that 
rxerror_status is equal to ERROR. These bits are reset 
to all zeros when the error count is read by the 
management function or upon execution of the PCS 
Reset function and are to be held at all ones in case of 
overflow (see 305.1.1.1 1). 


RO/SC 


15 


15.15:12 


Extended status 
register 


See 22.2.4.4 


RO 


a R/W = Read/Write, RO = Read Only, SC = Self Clearing, LH = Latch High 
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40.5.1.2 1000BASE-T Auto-Negotiation page use 

1000BASE-T PHYs shall exchange one Auto-Negotiation Base Page, a 1000BASE-T formatted Next Page, 
and two 1000BASE-T unformatted Next Pages in sequence, without interruption, as specified in Table 40-4. 
Additional Next Pages can be exchanged as described in Annex 40C. 

Note that the Acknowledge 2 bit is not utilized and has no meaning when used for the 1000BASE-T message 
page exchange. 



Table 40-4— 1000BASE-T Base and Next Pages bit assignments 



Bit 


Bit definition 


Register location 


BASE PAGE 


D15 


1 (to indicate that Next Pages follow) 




D14:Dl 


As specified in 282.1 2 


Management register 4 


PAGE 0 (Message Next Page) 


M10:M0 


8 




PAGE 1 (Unformatted Next Page) 


U10:U5 


Reserved transmit as 0 




U4 


1000BASE-T half duplex 

( 1 = half duplex and 0 = no half duplex) 


GMI1 register 9.8 

(MASTER-SLAVE Control register) 


U3 


lOOOBASE-Tfull duplex 

(I = full duplex and 0 = no full duplex) 


GMIT register 9.9 

(MASTER-SLAVE Control register) 


U2 


I000BASE-T port type bit 

(1 = multiport device and 0 = single-port device) 


GMI1 register 9. 10 
(MASTER-SLAVE Control register) 


Ul 


I0OOBASE-T MASTER-SLAVE Manual Configuration 
value 

(I = MASTER and 0 = SLAVE.) This bit is ignored if 9.12 = 0. 


GMI1 register9.il 

(MASTER -SLAVE Control register) 


UO 


I000BASE-T MASTER-SLAVE Manual Configuration 
Enable 

(1 = Manual Configuration Enable,) This bit is intended to be 
used for manual selection in a particular MASTER-SLAVE 
mode and is to be used in conjunction with bit 9.1 1 . 


GMII register 9.1 2 
(MASTER-SLAVE Control register) 


PAGE 2 (Unformatted Next Page) 


UIO 


1000BASE-T MASTER-SLAVE Seed Bit 10 (SB 10) (MSB) 


MASTER -SLAVE Seed Value (10:0) 


U9 


1000BASE-T MASTER-SLAVE Seed Bit 9 (SB9) 


U8 


1000BASE-T MASTER-SLAVE Seed Bit 8 (SB8) 


U7 


1000BASE-T MASTER-SLAVE Seed Bit 7 (SB7) 


U6 


1000BASE-T MASTER -SLAVE Seed Bit 6 (SB6) 


U5 


1O00BASE-T MASTER-SLAVE Seed Bit 5 (SB5) 


U4 


IO0OBASE-T MASTER-SLAVE Seed Bit 4 (SB4) 


U3 


1000BASE-T MASTER-SLAVE Seed Bit 3 (SB3) 


U2 


1000BASE-T MASTER-SLAVE Seed Bit 2 (SB2) 


Ul 


1000BASE-T MASTER-SLAVE Seed Bit 1 (SB1) 


UO 


1000BASE-T MASTER-SLAVE Seed Bit 0 (SBO) 
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40.5.1.3 Sending Next Pages 

Implementors who do not wish to send additional Next Pages (i.e., Next Pages in addition to those required 
to perform PHY configuration as defined in this clause) can use Auto-Negotiation as defined in Clause 28 
and the Next Pages defined in 40.5.1 2. Implementors who wish to send additional Next Pages are advised to 
consult Annex 40C. 

40.5.2 MASTER-SLAVE configuration resolution 

Since both PHYs that share a link segment are capable of being MASTER or SLAVE, a prioritization 
scheme exists to ensure that the correct mode is chosen. The MASTER-SLAVE relationship shall be deter- 
mined during Auto-Negotiation using Table 40-5 with the 1000BASE-T Technology Ability Next Page bit 
values specified in Table 40-4 and information received from the link partner. This process is conducted at 
the entrance to the FLP LINK GOOD CHECK state shown in the Arbitration state diagram (Figure 28-13.) 

The following four equations are used to determine these relationships: 

manual_MASTER = U0 * Ul 
manuaLSLAVE = U0 * !U 1 
single-port device = !U0 * !U2, 
multiport device = !U0 * U2 

where 

U0 is bit 0 of unformatted page 1 , 

U 1 is bit 1 of unformatted page 1 , and 

U2 is bit 2 of unformatted page 1 (see Table 40-4). 

A 1000BASE-T PHY is capable of operating either as the MASTER or SLAVE. In the scenario of a link 
between a single-port device and a multiport device, the preferred relationship is for the multiport device to 
be the MASTER PHY and the single-port device to be the SLAVE. However, other topologies may result in 
contention. The resolution function of Table 40-5 is defined to handle any relationship conflicts. 



Table 40-5-1000BASE-T MASTER-SLAVE configuration resolution table 



Local device type 


Remote device type 


Local device resolution 


Remote device resolution 


single-port device 


multiport device 


SLAVE 


MASTER 


single-port device 


manual_M ASTER 


SLAVE 


MASTER 


manuaLSLAVE 


manualjvl ASTER 


SLAVE 


MASTER 


manuaLSLAVE 


multiport device 


SLAVE 


MASTER 


multiport device 


manual_MASTER 


SLAVE 


MASTER 


manuaLSLAVE 


single-port device 


SLAVE 


MASTER 


multiport device 


single-port device 


MASTER 


SLAVE 


multiport device 


manuaLSLAVE 


MASTER 


SLAVE 
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1000BASE-T MASTER-SLAVE configuration resolution table (continued) 



Local device type 


Remote device type 


Local device resolution 


Remote device resolution 


manuaLMASTER 


manuaJ_SLAVE 


MASTER 


SLAVE 


manuaLMASTER 


single-port device 


MASTER 


SLAVE 


single-port device 


manual_SLAVE 


MASTER 


SLAVE 


manuaLMASTER 


multiport device 


MASTER 


SLAVE 


multiport device 


multiport device 


The device with the higher 
SEED value is configured as 
MASTER, otherwise SLAVE. 


The device with the higher 
SEED value is configured as 
MASTER, otherwise SLAVE. 


single-port device 


single-port device 


The device with the higher 
SEED value is configured as 
MASTER, otherwise SLAVE 


The device with the higher 
SEED value is configured as 
MASTER, otherwise SLAVE. 


manual_SLAVE 


manual_SLAVE 


MASTER-SLAVE 
configuration fault 


MASTER-SLAVE 
configuration fault 


manuaLMASTER 


manual_MASTER 


MASTER-SLAVE 
configuration fault 


MASTER-SLAVE 
configuration fault 



The rationale for the hierarchy illustrated in Table 40-5 is straightforward. A 1000BASE-T multiport device 
has higher priority than a single-port device to become the MASTER. In the case where both devices are of 
the same type, e.g., both devices are multiport devices, the device with the higher MASTER-SLAVE seed 
bits (SB0...SB10), where SB10 is the MSB, shall become the MASTER and the device with the lower seed 
value shall become the SLAVE. In case both devices have the same seed value, both should assert 
link_status_lGigT=FAIL (as defined in 28.3.1) to force a new cycle through Auto-Negotiation. Successful 
completion of the MASTER-SLAVE resolution shall be treated as MASTER-SLAVE configuration resolu- 
tion complete. 

The method of generating a random or pseudorandom seed is left to the implementor. The generated random 
seeds should belong to a sequence of independent, identically distributed integer numbers with a uniform 
distribution in the range of 0 to 2 1 ! - 2. The algorithm used to generate the integer should be designed to min- 
imize the correlation between the number generated by any two devices at any given time. A seed counter 
shall be provided to track the number of seed attempts. The seed counter shall be set to zero at start-up and 
shall be incremented each time a seed is generated. When MASTER-SLAVE resolution is complete, the seed 
counter shall be reset to 0 and bit 10.15 shall be set to logical zero. A MASTER-SLAVE resolution fault 
shall be declared if resolution is not reached after the generation of seven seeds. 

The MASTER-SLAVE Manual Configuration Enable bit (control register bit 9.12) and the MASTER- 
SLAVE Config Value bit (control register bit 9.1 1) are used to manually set a device to become the MAS- 
TER or the SLAVE. In case both devices are manually set to become the MASTER or the SLAVE, this 
condition shall be flagged as a MASTER-SLAVE Configuration fault condition, thus the MASTER-SLAVE 
Configuration fault bit (status register bit 10.15) shall be set to logical one. The MASTER-SLAVE 
Configuration fault condition shall be treated as MASTER-SLAVE configuration resolution complete and 
link_statusJGigT shall be set to FAIL, because the MASTER-SLAVE relationship was not resolved. This 
will force a new cycle through Auto-Negotiation after the link_fail_inhibit_timer has expired. Determination 
of MASTER-SLAVE values occur on the entrance to the FLP LINK GOOD CHECK state (Figure 28-16) 
when the highest common denominator (HCD) technology is 1000BASE-T. The resulting 
MASTER-SLAVE value is used by the 1000BASE-T PHY control (40.4.2.4). 
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If MASTER-SLAVE Manual Configuration is disabled (bit 9.12 is set to 0) and the local device detects that 
both the local device and the remote device are of the same type (either multiport device or single-port 
device) and that both have generated the same random seed, it generates and transmits a new random seed 
for MASTER-SLAVE negotiation by setting link_status to FAIL and cycling through the Auto-Negotiation 
process again. 

The MASTER-SLAVE configuration process returns one of the three following outcomes: 

a) Successful: Bit 10.15 of the 1000BASE-T Status Register is set to logical zero and bit 10.14 is set to 
logical one for MASTER resolution or for logical zero for SLAVE resolution. 1000BASE-T returns 
control to Auto_Negotiation (at the entrance to the FLP LINK GOOD CHECK state in 
Figure 28-16) and passes the value MASTER or SLAVE to PMA_CONFIG. indicate (see 40.2.4.) 

b) Unsuccessful: link_status_l GigT is set to FAIL and Auto-Negotiation restarts (see Figure 28-16.) 

c) Fault detected: (This happens when both end stations are set for manual configuration and both are 
set to MASTER or both are set to SLAVE.) Bit 10.15 of the 1000BASE-T Status Register is set to 
logical one to indicate that a configuration fault has been detected. This bit also is set when seven 
attempts to configure the MASTER SLAVE relationship via the seed method have failed. When a 
fault is detected, link_status_lGigT is set to FAIL, causing Auto-Negotiation to cycle through again. 

NOTE— MASTER-SLAVE arbitration only occurs if I000BASE-T is selected as the highest common denominator; oth- 
erwise, it is assumed to have passed this condition. 

40.6 PMA electrical specifications 

This subclause defines the electrical characteristics of the PMA. 
Common-mode tests use the common-mode return point as a reference. 
40.6.1 PMA-to-MDI interface tests 
40.6.1.1 Isolation requirement 

The PHY shall provide electrical isolation between the port device circuits, including frame ground (if any) 
and all MDI leads. This electrical separation shall withstand at least one of the following electrical strength 
tests: 

a) 1500 V rms at 50 Hz to 60 Hz for 60 s, applied as specified in Section 5.3.2 of IEC 60950: 1991 . 

b) 2250 Vdc for 60 s, applied as specified in Section 53.2 of IEC 60950: 1991 . 

c) A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of not less than 1 s. 
The shape of the impulses shall be 1.2/50 u,s (1.2 u,s virtual front time, 50 [is virtual time or half 
value), as defined in IEC 60060. 

There shall be no insulation breakdown, as defined in Section 5.3.2 of IEC 60950: 1991 , during the test. The 
resistance after the test shall be at least 2 MQ, measured at 500 Vdc. 

40.6.1.1.1 Test channel 

To perform the transmitter MASTER-SLAVE timing jitter tests described in this clause, a test channel is 
required to ensure that jitter is measured under conditions of poor signal to echo ratio. This test channel shall 
be constructed by combining 100 and 120 Q cable segments that both meet or exceed ISO/IEC 1 1801 Cate- 
gory 5 specifications for each pair, as shown in Figure 40-18, with the lengths and additional restrictions on 
parameters described in Table 40-6. The ends of the test channel shall be terminated with connectors 
meeting or exceeding ANSI/TIA/ElA-568-A:1995 or ISO/IEC 1 1801:1995 Category 5 specifications. The 
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return loss of the resulting test channel shall meet the return loss requirements of 40.7.2.3 and the crosstalk 
requirements of 40.7.3. 




L i L 2 L 3 L 4 



Identical for each of the four pairs. 
Figure 40-18— Test channel topology for each cable pair 



Table 40-6— Test channel cable segment specifications 



Cable segment 


Length 
(meters) 


Characteristic 
impedance 

(at frequencies 
>lMHz) 


Attenuation 
(per 100 meters 
at 31.25 MHz) 


1 


L,=1.20 


120 ±5Q 


7.8 to 8.8 dB 


2 


L2=x 


100 ±5Q 


10.8 to 1 1 .8 dB 


3 


L 3 =1.48 


120 ±5Q 


7.8 to 8.8 dB 


4 


L 4 =y 


100 ±5Q 


10.8 to 11.8 dB 



NOTE— x is chosen so that the total delay of segments CI ;C2, and C3, averaged across all pairs, is equal to 570 ns at 
31 .25 MHz; however, if this would cause the total attenuation of segments CI , C2, and C3, averaged across all pairs, to 
exceed the worst case insertion loss specified in 40.7.2.1 then x is chosen so that the total attenuation of segments CI , 
C2, and C3, averaged across all pairs, does not violate 40.7.2.1 at any frequencies. The value of y is chosen so that the 
total attenuation of segments CI , C2, C3, and C4, averaged across all pairs, does not violate 40.7.2.1 at any frequency 
(y may be 0). 

40.6.1.1.2 Test modes 

The test modes described below shall be provided to allow for testing of the transmitter waveform, transmit- 
ter distortion, and transmitted jitter. 

For a PHY with a GMII interface, these modes shall be enabled by setting bits 9.13:15 (1000BASE-T Con- 
trol Register) of the GMII Management register set as shown in Table 40-7. These test modes shall only 
change the data symbols provided to the transmitter circuitry and shall not alter the electrical and jitter char- 
acteristics of the transmitter and receiver from those of normal (non-test mode) operation. PHYs without a 
GMII shall provide a means to enable these modes for conformance testing. 
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Table 40-7— GMI1 management register settings for test modes 



Bitl 
(9.15) 


Bit 2 
(9.14) 


Bit 3 
(9.13) 


Mode 


0 


0 


0 


Normal operation 


A 

u 


U 


I 


Test mode 1 — Transmit waveform test 


0 


1 


0 


Test mode 2— Transmit jitter test in MASTER mode 


0 


1 


1 


Test mode 3— Transmit jitter test in SLAVE mode 


I 


0 


0 


Test mode 4— Transmitter distortion test 


1 


0 


] 


Reserved, operations not identified. 


1 


I 


0 


Reserved, operations not identified. 


1 


I 


1 


Reserved, operations not identified. 



When test mode 1 is enabled, the PHY shall transmit the following sequence of data symbols A n , B n , C n , D n , 
of 40.3.1 .3.6 continually from all four transmitters: 

{{+2 followed by 127 0 symbols}, {-2 followed by 127 0 symbols} ,{+1 followed by 127 0 symbols}, 
{-1 followed by 127 0 symbols}, {128 +2 symbols, 128 -2 symbols, 128 +2 symbols, 128 -2 symbols}, 
{1024 0 symbols}} 

This sequence is repeated continually without breaks between the repetitions when the test mode is enabled. 
A typical transmitter output is shown in Figure 40-19. The transmitter shall time the transmitted symbols 
from a 125.00 MHz ± 0.01 % clock in the MASTER timing mode. 

When test mode 2 is enabled, the PHY shall transmit the data symbol sequence {+2, -2} repeatedly on all 
channels. The transmitter shall time the transmitted symbols from a 125.00 MHz ± 0.01% clock in the MAS- 
TER timing mode. 

When test mode 3 is enabled, the PHY shall transmit the data symbol sequence {+2, -2} repeatedly on all 
channels. The transmitter shall time the transmitted symbols from a 125.00 MHz ± 0.01% clock in the 
SLAVE timing mode. A typical transmitter output for transmitter test modes 2 and 3 is shown in 
Figure 40-20. 

When test mode 4 is enabled, the PHY shall transmit the sequence of symbols generated by the following 
scrambler generator polynomial, bit generation, and level mappings: 

8s\ = 1 +* 9 + * U 

The maximum-length shift register used to generate the sequences defined by this polynomial shall be 
updated once per symbol interval (8 ns). The bits stored in the shift register delay line at a particular time n 
are denoted by Scr n [10:0]. At each symbol period the shift register is advanced by one bit and one new bit 
represented by Scr n [0] is generated. Bits Scr n [8] and Scr n [10] are exclusive OR'd together to generate the 
next Scr n [0] bit. The bit sequences, x0 n , xl n , and x2 n , generated from combinations of the scrambler bits as 
shown in the following equations, shall be used to generate the quinary symbols, s n , as shown in Table 40-8. 
The quinary symbol sequence shall be presented simultaneously to all transmitters. The transmitter shall 
time the transmitted symbols from a 125.00 MHz ± 0.01% clock in the MASTER timing mode. A typical 
transmitter output for transmitter test mode 4 is shown in Figure 40-21 . 
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x0„ = Scr„[0] 
x\„ = Scr„[l]A5cr„[4] 
x2„ = Scr n [2] a Sc/-„[4] 

Table 40-8— Transmitter test mode 4 symbol mapping 



x2n 


xln 


xOn 


quinary 
symbol, s„ 


0 


0 


0 


0 


0 


0 


1 


1 


0 


1 


0 


2 


0 


1 


1 


-1 


1 


0 


0 


0 


1 


0 


1 


1 


1 


1 


0 


-2 


1 


] 


] 


-1 




6 8 10 

Time (us) 



12 



14 



16 



Figure 40-19— Example of transmitter test mode 1 waveform (1 cycle) 
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1 1 1 1 1 1 j 1 1 1 r 




0 0.01 0.02 0.03 0.04 0.05 v 0.06 0.07 0.08 0.09 0.1 

Time (us) 

Figure 40-20— Example of transmitter test modes 2 and 3 waveform 



1 .5i 1 j 1 1 r 




0 2 4 6 8 10 12 14 16 

Time (us) 

Figure 40-21 —Example of Transmitter Test Mode 4 waveform (1 cycle) 
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The following fixtures (illustrated by Figure 40-22, Figure 40-23, Figure 40-24, and Figure 40-25), or their 
functional equivalents, shall be used for measuring the transmitter specifications described in 40.6.1 2. 



Transmitter 

Under 

Test 



High Impedance 
Differential Probe 
or equivalent 




50 ohms 




50 ohms 



Test 
Filter H^O 



Digital 

Oscilloscope 
or Data 
Acquisition 
Module 




Post-Processing 





Figure 40-22— Transmitter test fixture 1 for template measurement 



Transmitter 

Under 

Test 



High Impedance 
Differential Probe, 1 
or equivalent 




50 ohms 




^ v d 



50 ohms 



Digital 

Oscilloscope 
or Data 
Acquisition 
Module 




Post-Processing 





Figure 40-23— Transmitter test fixture 2 for droop measurement 
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Transmitter 

Under 

Test 



High Impedance 
Differential Probe 
or equivalent 



TX_TCLK 




50 ohms 




50 ohms 



Filter H^f) 



Digital 




Oscilloscope 




or Data 




Acquisition 




Module 





Post-Processing 



Figure 40-24— Transmitter test fixture 3 for distortion measurement 



Transmitter 

Under 

Test 



High Impedance 
Differential Probe, 
or equivalent 



TX_TCLK 




100 ohms 



Jitter 
Analyzer 



Figure 40-25— Transmitter test fixture 4 for transmitter jitter measurement 
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The test filter, Hrff), used in transmitter test fixtures 1 and 3 may be located between the points A and B as 
long as the test filter does not significantly alter the impedance seen by the transmitter. The test filter may 
instead be implemented as a digital filter in the post processing block. The test filter shall have the following 
continuous time transfer function or its discrete time equivalent: 

»*</) = j/ 6 /in Hz 
j/ + 2x!0 

NOTE— j denotes the square root of -1 . 

The disturbing signal, V d , shall have the characteristics listed in Table 40-9, 



Table 40-9— V d Characteristics 



Characteristic 


Transmit test fixture 1 


Transmit test fixture 2 


Transmit test fixture 3 


Waveform 


Sine wave 


Amplitude 


2.8 volts peak-to-peak 


2.8 volts peak-to-peak 


5.4 volts peak-to-peak 


Frequency 


31.25 MHz 


31.25 MHz 


20.833 MHz (125/6 MHz) 


Purity 


All harmonics >40 dB below fundamental 



The post-processing block has two roles. The first is to remove the disturbing signal from the measurement. 
A method of removing the disturbing signal is to take a single shot acquisition of the transmitted signal plus 
test pattern, then remove the best fit of a sine wave at the fundamental frequency of the disturbing signal 
from the measurement. It will be necessary to allow the fitting algorithm to adjust the frequency, phase, and 
amplitude parameters of the sine wave to achieve the best fit. 

The second role of the post-processing block is to compare the measured data with the templates, droop 
specification, or distortion specification . 

Trigger averaging of the transmitter output to remove measurement noise and increase measurement resolu- 
tion is acceptable provided it is done in a manner that does not average out possible distortions caused by the 
interaction of the transmitter and the disturbing voltage. For transmitter template and droop measurements, 
averaging can be done by ensuring the disturbing signal is exactly synchronous to the test pattern so that the 
phase of the disturbing signal at any particular point in the test pattern remains constant. Trigger averaging 
also requires a triggering event that is synchronous to the test pattern. A trigger pulse generated by the PHY 
would be ideal for this purpose; however, in practice, triggering off the waveform generated by one of the 
other transmitter outputs that does not have the disturbing signal present may be possible. 

NOTE— The disturbing signal may be made synchronous to the test pattern by creating the disturbing signal using a 
source of the transmit clock for the PHY under test, dividing it down to the proper frequency for the disturbing signal, 
passing the result through a high Q bandpass filter to eliminate harmonics and then amplifying the result to the proper 
amplitude. 

The generator of the disturbing signal must have sufficient linearity and range so it does not introduce any 
appreciable distortion when connected to the transmitter output (see Table 40-9). This may be verified by 
replacing the transmitter under test with another identical disturbing signal generator having a different fre- 
quency output and verifying that the resulting waveform's spectrum does not show significant distortion 
products. 

Additionally, to allow for measurement of transmitted jitter in master and slave modes, the PHY shall pro- 
vide access to the 1 25 MHz symbol clock, TX_TCLK, that times the transmitted symbols (see 40.4.2.2). The 
PHY shall provide a means to enable this clock output if it is not normally enabled. 
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40.6.1 .2 Transmitter electrical specifications 

The PMA shall provide the Transmit function specified in 40.4.2.2 in accordance with the electrical specifi- 
cations of this clause. 

Where a load is not specified, the transmitter shall meet the requirements of this clause with a 100 Q resis- 
tive differential load connected to each transmitter output. 

The tolerance on the poles of the test filters used in this subclause shall be ±1%. 

Practical considerations prevent measurement of the local transmitter performance in the presence of the 
remotely driven signal in this standard; however, the design of the transmitter to tolerate the presence of the 
remotely driven signal with acceptable distortion or other changes in performance is a critical issue and must 
be addressed by the implementor. To this end, a disturbing sine wave is used to simulate the presence of a 
remote transmitter for a number of the transmitter tests described in the following subordinate subclauses. 

40.6.1.2.1 Peak differential output voltage and level accuracy 

The absolute value of the peak of the waveform at points A and B, as defined in Figure 40-19, shall fall 
within the range of 0.67 V to 0.82 V (0.75 V ± 0.83 dB). These measurements are to be made for each pair 
while operating in test mode 1 and observing the differential signal output at the MDI using transmitter test 
fixture 1 with no intervening cable. 

The absolute value of the peak of the waveforms at points A and B shall differ by less than 1%. 

The absolute value of the peak of the waveform at points C and D as defined in Figure 40-19 shall differ 
by less than 2% from 0.5 times the average of the absolute values of the peaks of the waveform at points A 
andB. 

40.6.1 .2.2 Maximum output droop 

The magnitude of the negative peak value of the waveform at point G, as defined in Figure 40-19, shall be 
greater than 73.1% of the magnitude of the negative peak value of the waveform at point F. These measure- 
ments are to be made for each pair while in test mode 1 and observing the differential signal output at the 
MDI using transmit test fixture 2 with no intervening cable. Point G is defined as the point exactly 500 ns 
after point F. Point F is defined as the point where the waveform reaches its minimum value at the location 
indicated in Figure 40-19. Additionally, the magnitude of the peak value of the waveform at point J as 
defined in Figure 40-19 shall be greater than 73.1% of the magnitude of the peak value of the waveform at 
point H. Point J is defined as the point exactly 500 ns after point H. Point H is defined as the point where the 
waveform reaches its maximum value at the location indicated in Figure 40-19. 

40.6.1.2.3 Differential output templates 

The voltage waveforms around points A, B, C, D defined in Figure 40-19, after the normalization described 
herein, shall lie within the time domain template 1 defined in Figure 40-26 and the piecewise linear interpo- 
lation between the points in Table 40-10. These measurements are to be made for each pair while in test 
mode 1 and while observing the differential signal output at the MDI using transmitter test fixture 1 with no 
intervening cable. The waveforms may be shifted in time as appropriate to fit within the template. 

The waveform around point A is normalized by dividing by the peak value of the waveform at A. 

The waveform around point B is normalized by dividing by the negative of the peak value of the waveform 
at A. 
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The waveform around point C is normalized by dividing by 1/2 the peak value of the waveform at A. 

The waveform around point D is normalized by dividing by the negative of 1/2 the peak value of the wave- 
form at A. 

The voltage waveforms around points F and H defined in Figure 40-19, after the normalization described 
herein, shall He within the time domain template 2 defined in Figure 40-26 and the piecewise linear interpo- 
lation between the points in Table 40-1 1. These measurements are to be made for each pair while in test 
mode 1 and while observing the differential signal output at the MDI using transmitter test fixture 1 with no 
intervening cable. The waveforms may be shifted in time as appropriate to fit within the template. 

The waveform around point F is normalized by dividing by the peak value of the waveform at F. 

The waveform around point H is normalized by dividing by the peak value of the waveform at H. 

NOTE— The templates were created with the following assumptions about the elements in the transmit path: 

1) Digital Filter: 0.75 + 0.25 z" 1 

2) Ideal DAC 

3) Single pole continuous time low pass filter with pole varying from 70.8 MHz to 1 17 MHz or linear rise/ 
fall time of 5 ns. 

4) Single pole continuous time high-pass filter (transformer high pass) with pole varying from 1 Hz to 100 
kHz. 

5) Single pole continuous time high-pass filter (test filter) with pole varying from 1 .8 MHz to 2.2 MHz. 

6) Additionally, 40.025 was added to the upper template and -0.025 was added to the lower template to 
allow for noise and measurement error. 
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NOTE— The transmit templates are not intended to address electromagnetic radiation limits. 

Normalized Time Domain Transmit Template 1 




-10 0 10 20 30 40 50 

Time (ns) 

Figure 40-26— Normalized transmit templates as measured at MDI using 

transmit test fixture 1 
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NOTE— The ASCII for Tables 40-10 and 40-1 1 is available from http://www.ieee802.Org/3/publication/index.html. 9 

Table 40-10— Normalized time domain voltage template 1 



Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


-5.00 


0.025 


-0.026 


12.75 


0.332 


0.195 


-4.15 


0.025 


-0.026 


13.00 


0.326 


0.192 


-4.50 


0.025 


-0.026 


13.25 


0.320 


0.181 


-4.25 


0.025 


-0.026 


1330 


0.315 


0.169 


-4.00 


0.025 


-0.026 


13.75 


0.311 


0.155 


-3.75 


0.025 


-0.026 


14.00 


0.307 


0.140 


-3.50 


0.025 


-0.026 


14.25 


0.303 


0.124 


-3.25 


0.031 


-0.026 


14.50 


0.300 


0.108 


-3.00 


0.050 


-0.026 


14.75 


0.292 


0.091 


-2.75 


0.077 


-0.026 


15.00 


0.278 


0.074 


-2.50 


0.110 


-0.026 


15.25 


0.254 


0.056 


-2.25 


0.148 


-0.026 


15.50 


0.200 


0.039 


-2.00 


0.190 


-0.027 


15.75 


0.157 


0.006 


-1.75 


0.235 


-O.027 


16.00 


0.128 


-0.023 


-1.50 


0.281 


-0.028 


16.25 


0.104 


-0.048 


-1.25 


0.329 


-0.028 


16.50 


0.083 


-0068 


-1.00 


0.378 


-0.028 


16.75 


0.064 


-0084 


-0.75 


0.427 


-0.006 


17.00 


0.047 


-0.098 


-0.50 


0.496 


0.152 


17.25 


0.032 


-0.110 


-0.25 


0.584 


0.304 


17.50 


0.019 


-0.119 


0.00 


0.669 


0.398 


17.75 


0.007 


-0.127 


0.25 


0.739 


0.448 


18.00 


-0.004 


-0.133 


0.50 


0.796 


0.499 


18.25 


-0.014 


-0.145 


0.75 


0.844 


0.550 


18.50 


-0.022 


-0.152 


1.00 


0.882 


0.601 


18.75 


-0.030 


-0.156 


1.25 


0.914 


0.651 


19O0 


-0.037 


-0.158 


1.50 


0.940 


0.701 


19.25 


-0.043 


-0.159 



^Copyright release for 802 J® template data: Users of this standard may freely reproduce the template data in this subclause so it can 
be used for its intended purpose. 
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Table 40-10— Normalized time domain voltage template 1 (continued) 



Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 
lower limit 


Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


1.75 


0.960 


0.751 


19.50 


-0.048 


-0.159 


2.00 


0.977 


0.797 


19.75 


-0.053 


-0.159 


225 


0.992 


0.822 


20.00 


-0.057 


-0.159 


2.50 


1.010 


0.845 


20.25 


-0.061 


-0.159 


2.75 


1.020 


0.864 


20.50 


-0.064 


-0.159 


3.00 


1.024 


0.881 


20.75 


-0.067 


-0.159 


3.25 


1.025 


0.896 


21.00 


-0.070 


-0.159 


3.50 


1.025 


0.909 


21.25 


-0.072 


-0.159 


3.75 


1.025 


0.921 


21.50 


-0.074 


-0.158 


4.00 


1.025 


0.931 


21.75 


-0.076 


-0.158 


4.25 


1.025 


0.939 


22.00 


-0.077 


-0.158 


4.50 


1.025 


0.946 


22.25 


-0.078 


-0.158 


4.75 


1.025 


0.953 


22.50 


-0.079 


-0.158 


5.00 


1.025 


0.951 


22.75 


-0.079 


-0.157 


5.25 


1.025 


0.931 


23.00 


-0.079 


-0.157 


5.50 


1.025 


0.905 


23.25 


-0.080 


-0.157 


5.75 


1.025 


0.877 


23.50 


-0.080 


-0.157 


6.00 


1.025 


0.846 


23.75 


-0.080 


-0.156 


6.25 


1.025 


0.813 


24.00 


-0.080 


-0.156 


6.50 


1.025 


0.779 


24.25 


-O.080 


-0.156 


6.75 


1.025 


0.743 


24.50 


-0.080 


-0.156 


7.00 


1.014 


0.707 


24.75 


-0.080 


-0.156 


7.25 


0.996 


0.671 


25.00 


-0.080 


-0.156 


7.50 


0.888 


0.634 


25.25 


-O.080 


-0.156 


7.75 


0.784 


0.570 


25.50 


-0.080 


-0.156 


8.00 


0.714 


0.510 


25.75 


-0.079 


-0.156 


8.25 


0.669 


0.460 


26.00 


-O.079 


-0.156 


8.50 


0.629 


0.418 


26.25 


-0.079 


-0.156 


8.75 


0.593 


0383 


26.50 


-0.079 


-0.155 
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Table 40-10— Normalized time domain voltage template 1 (continued) 



Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


9.00 


0.561 


0.354 


26.75 


-0.079 


-0.155 


9.25 


0533 


0.330 


27.00 


-0.078 


-0.155 


9.50 


0507 


0309 


27.25 


-0078 


-0.155 


9.75 


0.483 


0.292 


2750 


-0.078 


-0.154 


10.00 


0.462 


0.268 


27.75 


-0.078 


-0.154 


10.25 


0.443 


0.239 


28.00 


-0.077 


-0.154 


10.50 


0.427 


0.223 


28.25 


-0.077 


-0.153 - 


10.75 


0.411 


0.213 


2850 


-0.077 


-0.153 


11.00 


0398 


0.208 


28.75 


-0.076 


-0.153 


11.25 


0.385 


0.204 


29.00 


-0.076 


-0.152 


11.50 


0374 


0.201 


29.25 


-0.076 


-0.152 


11.75 


0.364 


0.199 


2950 


-0.076 


-0.152 


12.00 


0355 


0.198 


29.75 


-0.075 


-0.151 


12.25 


0.346 


0.197 


30.00 


-0.075 


-0.151 


12.50 


0339 


0.196 









Table 40-11 —Normalized time domain voltage template 2 



Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


Time, ns 


Normalized 

transmit 
time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


-15.00 


0.066 


-0.025 


18.00 


0.891 


0.779 


-1450 


0.066 


-0.025 


18.50 


0.886 


0.773 


-14.00 


0.066 


-0.025 


19.00 


0.881 


0.767 


-1350 


0.066 


-0.025 


1950 


0.876 


0J62 


-13O0 


0.066 


-0.025 


20.00 


0.871 


0.756 


-12.50 


0066 


-0.025 


2050 


0.866 


0.750 


-12.00 


0O66 


-0.025 


21.00 


0.861 


0.745 


-11.50 


0.069 


-0.025 


2150 


0.856 


0.739 


-11.00 


0.116 


-0.025 


22.00 


0.852 


0.734 


-1050 


0.183 


-0.025 


2250 


0.847 


0.728 
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Table 40-1 1 —Normalized time domain voltage template 2 (continued) 



Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


-10.00 


0.261 


-0.027 


23.00 


0.842 


0.723 


-9.50 


0.348 


-0.027 


23 50 


0.838 


0.717 


-9.00 


0.452 


-0.013 


24.00 


0.833 


0.712 


-8.50 


0.535 


0.130 


24.50 


0.828 


0.707 


-8.00 


0.604 


0.347 


25.00 


0.824 


0.701 


-7.50 


0.683 


0.451 


25.50 


0.819 


0.696 


-7.00 


0.737 


0.531 


26.00 


0.815 


0.691 


-6.50 


0.802 


0.610 


26.50 


0.811 


0.686 


-6.00 


0.825 


0651 


27.00 


0.806 


0.680 


-5.50 


0.836 


0683 


27.50 


0.802 


0.675 


-5.00 


0.839 


0.707 


28.00 


0.797 


0.670 


-4.50 


0.839 


0.725 


28.50 


0.793 


0.665 


^.00 


0.837 


0.739 


29.00 


0.789 


0.660 


-3.50 


0.832 


0.747 


29.50 


0.784 


0.655 


-3.00 


0.839 


0.752 


30.00 


0.780 


0.650 


-2.50 


0.856 


0.755 


30.50 


0.776 


0.645 


-2.00 


0.875 


0.755 


31.00 


0.772 


0.641 


-1.50 


0.907 


0.758 


31.50 


0.767 


0.636 


-1.00 


0.941 


0.760 


32.00 


0.763 


0.631 


-0.50 


0.966 


0.803 


32.50 


0.759 


0.626 


0.00 


0.986 


0.869 


33.00 


0.755 


0.621 


0.50 


1.001 


0.890 


33.50 


0.751 


0.617 


1.00 


1.014 


0.912 


34.00 


0.747 


0.612 


1.50 


1.022 


0.933 


34 JO 


0.743 


0.607 


2.00 


1.025 


0.954 


35.00 


0.739 


0.603 


2.50 


1.025 


0.970 


35.50 


0.734 


0.598 


3.00 


1.025 


0.967 


36.00 


0.730 


0.594 


3.50 


1.025 


0.962 


36.50 


0.727 


0.589 


4.00 


1.025 


0.956 


37.00 


0.723 


0.585 



214 



Copyright © 2002 IEEE. All rights reserved. 



CSMA/CD IEEE Std 802.3-2002®, Section Three 



Table 40-1 1 —Normalized time domain voltage template 2 (continued) 



Time, ns 


Normalized 
transmit 

time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


Time, ns 


Normalized 

transmit 
time domain 
template, 

upper limit 


Normalized 

transmit 
time domain 
template, 

lower limit 


4.50 


1.023 


0.950 


37.50 


0.719 


0.580 


5.00 


1.020 


0.944 


38.00 


0.715 


0.576 


5.50 


1.017 


0.937 


38.50 


0.711 


0.571 


6.00 


1.014 


0.931 


39.00 


0.707 


0.567 


6.50 


1.010 


0.924 


39.50 


0.703 


0.563 


7.00 


1.005 


0.917 


40.00 


0.699 


0.558 


7.50 


1.001 


0.910 


40.50 


0.695 


0.554 


8.00 


0.996 


0.903 


41.00 


0.692 


0.550 


8.50 


0.991 


0.897 


41.50 


0.688 


0.546 


9.00 


0.986 


0.890 


42.00 


0.684 


0.541 


9.50 


0.981 


0.884 


42.50 


0.680 


0.537 


10.00 


0.976 


0.877 


43.00 


0.677 


0.533 


10.50 


0.970 


0.871 


43.50 


0.673 


0.529 


11.00 


0.965 


0.864 


44.00 


0.669 


0.525 


11.50 


0.960 


0.858 


44.50 


0.666 


0.521 


12.00 


0.954 


0.852 


45.00 


0.662 


0.517 


12.50 


0.949 


0.845 


45.50 


0.659 


0.513 


13.00 


0.944 


0.839 


46.00 


0.655 


0.509 


13.50 


0.938 


0.833 


46.50 


0.651 


0.505 


14.00 


0.933 


0.827 


47.00 


0.648 


0.501 


14.50 


0.928 


0.820 


47.50 


0.644 


0.497 


15.00 


0.923 


0.814 


48.00 


0.641 


0.493 


15.50 


0.917 


0.808 


48.50 


0.637 


0.490 


16.00 


0.912 


0.802 


49.00 


0.634 


0.486 


16.50 


0.907 


0.796 


49.50 


0.631 


0.482 


17.00 


0.902 


0.791 


50.00 


0.627 


0.478 


17.50 


0.897 


0.785 
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40.6.1 .2.4 Transmitter distortion 

When in test mode 4 and observing the differential signal output at the MD1 using transmitter test fixture 3, 
for each pair, with no intervening cable, the peak distortion as defined below shall be less than 10 mV. 

The peak distortion is determined by sampling the differential signal output with the symbol rate TX_TCLK 
at an arbitrary phase and processing a block of any 2047 consecutive samples with the MATLAB (see 1 .3) 
code listed below or equivalent. Note that this code assumes that the differential signal has already been fil- 
tered by the test filter. 

NOTE— The ASCII for the following MATLAB code is available from http://www.ieee802.Org/3/publication/ 
index.html. 10 

MATLAB code for Distortion Post Processing is as follows: 
% 

% Distortion Specification Post Processing 
% 

% Initialize Variables 
clear 

symbolRate=125e6; % symbol rate 

dataFile=input( 'Data file name: ','s') 

% Generate test pattern symbol sequence 

scramblerSequence=ones ( 1 , 2047 ) ; 
for i=12:2047 

scrambler Sequence ( i ) =mod ( scrambler Sequence ( i-1 1 ) + scrambler Sequence ( i-9 ) , 2 ) ; 
end 

for i=l:2047 

temp=scramblerSequence(mod(i-l f 2047)+l) + ... 

2 *mod ( scrambler Sequence ( mod ( i-2 , 204 7 ) +1 ) + scrambler Sequence (mod ( i-5,2047)+l),2) 

+ ... 

4*mod(scramblerSequence(mod(i-3,2047)+l) + scramblerSequence(mod(i-5, 2047)+l) ,2) ; 
switch temp 
case 0, 

testPattern ( i ) =0 ; 
case 1, 

testPattern ( i ) =1 ; 
case 2, 

testPattern ( i ) -2 ; 
case 3, 

testPattern(i)=-l; • 
case 4, 

testPattern ( i ) =0 ; 
case 5, 

testPattern ( i ) =1 ; 
case 6, 

testPattern ( i ) =-2 ; 
case 7, 

testPattern ( i ) — 1 ; 

end 
end 



% Input data file 

f id=f open ( dataFile , ' r ' ) ; 

sampledData=f scanf (f id, ' %f ' ) ; 



Copyright release for MATLAB code: Users of this standard may freely reproduce the MATLAB code in this subclause so it can be 
used for its intended purpose. 
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fclose(fid) ; 

sampledData=sampledData . ' ; 



if (length (sampledData) < 2047) 

error ('Must have 2047 consecutive samples for processing'); 
elseif (length (sampledData) > 2047) 

fprintf ( 1, '\n Warning - only using first 2047 samples in data file')? 

sampledData= sampledData ( 1 : 2047 ) ; 
end 



% Fit a sine wave to the data and temporarily remove it to yield processed data 

options=f options ; 
options ( 1 ) =0 ; 
options ( 2 ) =le-8 ; 
options ( 3 ) =le-8 ; 
options ( 14 )=2000 ; 
gradf un=zeros ( 0 ) ; 

P=fmins( 'sinefit' , [2 .0 0 125/6 .] , options, gradf un, sampledData, symbolRate) ; 
P 

processedData=sampledData - ... 

P(l)*sin(2*pi*(P(3)*le6*[0:2046]/symbolRate + P(2)*le-9*symbolRate) ) ; 



% LMS Canceller 

numberCoeff=70; % Number of coefficients in canceller 
coef f icients=zeros ( 1 , numberCoef f ) ; 
delayLine=testPattern ; 

% Align data in delayLine to sampled data pattern 
temp=xcorr ( processedData , delayLine ) ; 
index=f ind ( abs( temp )=max(abs( temp) ) ) ; 

index=mod( mod (length (processedData) - index ( 1) ,2047 )+numberCoef f-10, 2047 ) ; 
delayLine= [ delayLine ( ( end-index ) : end ) delayLine ( 1 : ( end-index- 1 ) ) ] ; 



% Compute coefficients that minimize squared error in cyclic block 
for i=l:2047 

X(i, : )=delayLine(mod( [0: (numberCoef f-1 ) ]+i-l,2047 )+l ) ; 
end 

coefficients=(inv(X. ' * X)* ( processedData* X) . ' ) . ' ; 



% Canceller 
for i=l:2047 

err(i)=processedData(i) - s urn ( delayLine (l+mod( (i-1) : (i+numberCoef f-2) , 2047) ) .♦coef- 
ficients ) ; 
end 

% Add back temporarily removed sine wave 

err=err+P(l)*sin(2*pi*(P(3)*le6*[0:2046] . /symbolRate + P(2 )*le- 9* symbolRate) ) ; 



% Re-fit sine wave and do a final removal 
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options=f options ; 
options ( 1 ) =0 ; 
options ( 2 ) =le-12 ; 
options ( 3 ) =le-12 ; 
options ( 14 ) =10000 ; 
gradf un=zeros ( 0 ) ; 

P=f mins ( ' sinef it ' , [ 2 . 0 0 125/6. ], opt ions, gradf un, err, symbolRate ) ; 
P 

processedData=sampledData - 

P(l)*sin(2*pi*(P(3)*le6*[0:2046]/symbolRate + P(2 ) *le-9*symbolRate) ) ; 



% Compute coefficients that minimize squared error in cyclic block 
coef ficients=(inv(X. ' * X)* (process edData*X) .').'; 



% Canceller 
for i-l:2047 

err(i)=processedData(i) - sum(delayLine(l+mod( (i-1) : (i+numberCoeff -2) ,2047) ) .♦coef- 
ficients ) ; 
end 

% SNR Calculation 
signal^O.5; 
noise=mean ( err . A 2 ) ; 

SNR=10* loglO ( signal . /noise ) ; 

% Output Peak Distortion 

peakDistortion=max ( abs ( err ) ) 



% Function for fitting sine wave 

function err=sinef it ( parameters , data , symbolRate ) 

err=sum( (data- . . . 

parameters(l)*sin(2*pi*(parameters(3)*le6*[0: ( length ( data ) -1 )] /symbolRate + param- 
eters ( 2 ) * le-9*symbolRate ) ) ) . A 2 ) ; 

40.6.1.2.5 Transmitter timing jitter 

When in test mode 2 or test mode 3, the peak-to-peak jitter of the zero crossings of the differential sig- 
nal output at the MD1 relative to the corresponding edge of TX_TCLK is measured. The corresponding edge 
of TXJTCLK is the edge of the transmit test clock, in polarity and time, that generates the zero-crossing 
transition being measured. 

When in the normal mode of operation as the MASTER, the peak-to-peak value of the MASTER TXJTCLK 
jitter relative to an unjittered reference shall be less than 1 .4 ns. When the jitter waveform on TXJTCLK is 
filtered by a high-pass filter, H^if), having the transfer function below, the peak-to-peak value of the result- 
ing filtered timing jitter plus shall be less than 0.3 ns. 

^' (/) = J7^o6o /inHz 

When in the normal mode of operation as the SLAVE, receiving valid signals from a compliant PHY operat- 
ing as the MASTER using the test channel defined in 40.6.1 .1.1, with test channel port A connected to the 
SLAVE, the peak-to-peak value of the SLAVE TXJTCLK jitter relative to the MASTER TXJTCLK shall be 
less than 1 .4 ns after the receiver is properly receiving the data and has set bit 10.13 of the GMI1 manage- 
ment register set to 1 . When the jitter waveform on TXJTCLK is filtered by a high-pass filter, H-^ij), having 
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the transfer function below, the peak-to-peak value of the resulting filtered timing jitter plus J tX out shall be no 
more than 0.4 ns greater than the simultaneously measured peak-to-peak value of the MASTER jitter filtered 

by// jn (/). 
^ (/) = j7^feoo /inHz 

NOTE— j denotes the square root of - 1 . 

For all high-pass filtered jitter measurements, the peak-to-peak value shall be measured over an unbiased 
sample of at least 10 5 clock edges. For all unfiltered jitter measurements, the peak-to-peak value shall be 
measured over an interval of not less than 100 ms and not more than 1 second. 

40.6.1 .2.6 Transmit clock frequency 

The quinary symbol transmission rate on each pair of the master PHY shall be 1 25 .00 MHz ± 0 .0 1 % . 



40.6.1.3 Receiver electrical specifications 



The PMA shall provide the Receive function specified in 40.4.2.3 in accordance with the electrical specifica- 
tions of this clause. The patch cabling and interconnecting hardware used in test configurations shall be 
within the limits specified in 40.7. 

40.6.1.3.1 Receiver differential input signals 

Differential signals received at the MDI that were transmitted from a remote transmitter within the specifica- 
tions of 40.6.1.2 and have passed through a link specified in 40.7 are translated into one of the 
PMA_UNITDATA .indicate messages with a 4-D symbol error rate less than 10" 10 and sent to the PCS after 
link reset completion. Since the 4-D symbols are not accessible, this specification shall be satisfied by a 
frame error rate less than 10" 7 for 125 octet frames. 



40.6.1.3.2 Receiver frequency tolerance 



The receive feature shall properly receive incoming data with a 5-level symbol rate within the range 125.00 " 
MHz ±0.01%. 



40.6.1 .3.3 Common-mode noise rejection 



This specification is provided to limit the sensitivity of the PMA receiver to common-mode noise from the 
cabling system. Common-mode noise generally results when the cabling system is subjected to electromag- 
netic fields. Figure 40-27 shows the test configuration, which uses a capacitive cable clamp, that injects 
common-mode signals into a cabling system. 

A 100-meter, 4-pair Category 5 cable that meets the specification of 40.7 is connected between two 
1000BASE-T PHYs and inserted into the cable clamp. The cable should be terminated on each end with an 
MDI connector plug specified in 40.8.1 . The clamp should be located a distance of -20 cm from the receiver. 
It is recommended that the cable between the transmitter and the cable clamp be installed either in a linear 
run or wrapped randomly on a cable rack. The cable rack should be at least 3 m from the cable clamp. In 
addition, the cable clamp and 1000BASE-T receiver should be placed on a common copper ground plane 
and the ground of the receiver should be in contact with the ground plane. The chassis grounds of all test 
equipment used should be connected to the copper ground plane. No connection is required between the 
copper ground plane and an external reference. A description of the cable clamp, as well as the validation 
procedure, can be found in Annex 40B. 
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A signal generator with a 50 Q impedance is connected to one end of the clamp and an oscilloscope with a 
50 Q input is connected to the other end of the clamp. The signal generator shall be capable of providing a 
sine wave signal of 1 MHz to 250 MHz. The output of the signal generator is adjusted for a voltage of 1 .0 
Vrms (1 .414 Vpeak) on the oscilloscope. 



1000BASE-T 
Transmitter 



2 chokes located 
s 2 cm 
from clamp 



Signal Generator 
1-250 MHz 



Oscilloscope 



Cable Clamp 



Test cable 



Ground Plane^^ 



1000BASE-T 
Transceiver 



s 20 cm 



Figure 40-27— Receiver common-mode noise rejection test 

While sending data from the transmitter, the receiver shall send the proper PMA_UNITDATA .indicate mes- 
sages to the PCS as the signal generator frequency is varied from 1 MHz to 250 MHz. 

NOTE— Although the signal specification is constrained within the 1-100 MHz band, this test is performed up to 
250 MHz to ensure the receiver under test can tolerate out-of-band (100-250 MHz) noise. 

40.6.1.3.4 Alien Crosstalk noise rejection 

While receiving data from a transmitter specified in 40.6.1.2 through a link segment specified in 40.7 con- 
nected to all MDI duplex channels, a receiver shall send the proper PMA_UNITD ATA .indicate message to 
the PCS when any one of the four pairs is connected to a noise source as described in Figure 40-28. Because 
symbol encoding is employed, this specification shall be satisfied by a frame error rate of less than 10" 7 for 
125 octet frames. The level of the noise signal at the MDI is nominally 25 mV peak-to-peak. (Measurements 
are to be made on each of the four pairs.) The noise source shall be connected to one of the MDI inputs using 
Category 5 balanced cable of a maximum length of 0.5 m. 



Clause 40.6 
TRANSMITTER 



MDI 



MDI 



LINK SEGMENT AS 
DEFINED BY 40.7 
(worst case) 



RECEIVE DEVICE 
UNDER TEST 




2000 Q* 

NOISE SOURCE (100BASE-TX COMPLIANT 
TRANSMITTER SENDING IDLE NONSYNCHRONOUS 
TO THE 1000BASE-T TRANSMITTER UNDER TEST) 



•Resistor matching to 1 part in 1 000 



Figure 40-28— Differential mode noise rejection test 
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40.7 Link segment characteristics 

1000BASE-T is designed to operate over a 4-pair Category 5 balanced cabling system. Each of the four pairs 
supports an effective data rate of 250 Mbps in each direction simultaneously. The term "link segment" used 
in this clause refers to four duplex channels. The term "duplex channel" will be used to refer to a single 
channel with full duplex capability. Specifications for a link segment apply equally to each of the four 
duplex channels. All implementations of the balanced cabling link shall be compatible at the MDI. 

40.7.1 Cabling system characteristics 

The cabling system used to support 1000BASE-T requires 4 pairs of Category 5 balanced cabling with a 
nominal impedance of 100 Q. The cabling system components (cables, cords, and connectors) used to pro- 
vide the link segment shall consist of Category 5 components as specified in ANSI/TIA/ElA-568-A:1995 
and ISO/IEC 1 1 80 1 : 1 995 . Additionally: 

a) 1000BASE-T uses a star topology with Category 5 balanced cabling used to connect PHY entities. 

b) 1000BASE-T is an ISO/IEC 11801 Class D application, with additional installation requirements 
and transmission parameters specified in Annex 40A. 

c) The width of the PMD transmit signal spectrum is approximately 80 MHz. 

d) The use of shielding is outside the scope of this standard. 

40.7.2 Link transmission parameters 

The transmission parameters contained in this subclause are specified to ensure that a Category 5 link seg- 
ment of up to at least 1 00 m will provide a reliable medium. The transmission parameters of the link segment 
include insertion loss, delay parameters, characteristic impedance, NEXT loss, ELFEXT loss, and return 
loss. 

Link segment testing shall be conducted using source and load impedances of 100 Q. The tolerance on the 
poles of the test filter used in this subclause shall be no worse than 1 %. 

40.7.2.1 Insertion loss 

The insertion loss of each duplex channel shall be less than 

Insertion_Loss(/) < 2. 1 f 0529 + 0 .4/f (dB) 

at all frequencies from l MHz to 100 MHz. This includes the attenuation of the balanced cabling pairs, 
including work area and equipment cables plus connector losses within each duplex channel. The insertion 
loss specification shall be met when the duplex channel is terminated in 100 Q. 

NOTE— The above equation approximates the insertion loss specification at discrete frequencies for Category 5 
100-meter links specified in ANSI/TIA/EIA-568-A Annex E and in T1A/EIA TSB 67. 

40.7.2.2 Differential characteristic impedance 

The nominal differential characteristic impedance of each link segment duplex channel, which includes 
cable cords and connecting hardware, is 100 Q for all frequencies between 1 MHz and 100 MHz. 

40.7.2.3 Return loss 

Each link segment duplex channel shall meet or exceed the return loss specified in the following equation at 
all frequencies from 1 MHz to 100 MHz 
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Return_Loss(/) 



I5-10Iog l0 (//20) 



15 



(1-20 MHz) 
(20-100 MHz) 



(dB) 



where /is the frequency in MHz. The reference impedance shall be 100 Q. 
40.7.3 Coupling parameters 

In order to limit the noise coupled into a duplex channel from adjacent duplex channels, Near-End Crosstalk 
(NEXT) loss and Equal Level Far-End Crosstalk (ELFEXT) loss are specified for each link segment. Each 
duplex channel can be disturbed by more than one duplex channel. Requirements for Multiple Disturber 
Near-End Crosstalk (MDNEXT) are satisfied even when worst case conditions of differential pair-to-pair 
NEXT as specified under 40.7.3.1.1 occur. Therefore, there are no separate requirements for MDNEXT. 
Requirements for Multiple Disturber Equal-Level Far-End Crosstalk (MDELFEXT) loss are specified in 
40.7.3.2.2. 

40.7.3.1 Near-End Crosstalk (NEXT) 
40.7.3.1.1 Differential Near-End Crosstalk 

In order to limit the crosstalk at the near end of a link segment, the differential pair-to-pair Near-End 
Crosstalk (NEXT) loss between a duplex channel and the other three duplex channels is specified to meet the 
symbol error rate objective specified in 40. 1 . The NEXT loss between any two duplex channels of a link seg- 
ment shall be at least 

27.1-16.81og 10 (/7100) 

where f is the frequency over the range of 1 MHz to 100 MHz. 

NOTE — The above equation approximates the NEXT loss specification at discrete frequencies for Category 5 100-meter 
links specified in ANSI/TIA/EIA-568-A Annex E and in TSB-67. 

40.7.3.2 Far-End Crosstalk (FEXT) 

40.7.3.2.1 Equal Level Far-End Crosstalk (ELFEXT) loss 

Equal Level Far-End Crosstalk (ELFEXT) loss is specified in order to limit the crosstalk at the far end of 
each link segment duplex channel and meet the BER objective specified in 40.6.1.3.1. Far-End Crosstalk 
(FEXT) is crosstalk that appears at the far end of a duplex channel (disturbed channel)* which is coupled 
from another duplex channel (disturbing channel) with the noise source (transmitters) at the near end. FEXT 
loss is defined as 

FEXT_Loss(/) = 201og 10 [Vpds(/)/Vpcn(/)] 

and ELFEXT_Loss is defined as 

ELFEXT_Loss(/) = 201og 10 [V r pds(/)/Vpcn(/)] - SLS_Loss(/) 



The worst pair ELFEXT loss between any two duplex channels shall be greater than 17 - 201og ]0 (/7100) dB 
where /is the frequency over the range of 1 MHz to 100 MHz. 



where 



Vpds is the peak voltage of disturbing signal (near-end transmitter) 
Vpcn is the peak crosstalk noise at far end of disturbed channel 
SLS_Loss is the insertion loss of disturbed channel in dB 
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40.7.3.2.2 Multiple Disturber Equal Level Far-End Crosstalk (MDELFEXT) loss 

Since four duplex channels are used to transfer data between PMDs, the FEXT that is coupled into a data 
carrying channel will be from the three adjacent disturbing duplex channels. This specification is consistent 
with three channel-to-channel disturbers— one with a ELFEXT loss of at least 17 - 201ogio(/7100) dB, one 
with a ELFEXT loss of at least 19.5 - 20Iog, 0 (/7100) dB, and one with a ELFEXT loss of at least 
23 - 201ogjn(/7100) dB. To ensure the total FEXT coupled into a duplex channel is limited, multiple dis- 
turber ELFEXT loss is specified as the power sum of the individual ELFEXT losses. 

The Power Sum loss between a duplex channel and the three adjacent disturbers shall be 

PSELFEXT loss > 14.4 - 201og 10 (/7100) dB 

where /is the frequency over the range of 1 MHz to 100 MHz. 

40.7.3.2.3 Multiple-Disturber Power Sum Equal Level Far-End Crosstalk (PSELFEXT) loss 

PSELFEXT loss is determined by summing the magnitude of the three individual pair-to-pair differential 
ELFEXT loss values over the frequency range 1 to 100 MHz as follows: 

/ = 3 

PSELFEXTLoss(f) = -lOlog £ 10" ( " L(/) ' ,/10 

/ = i 

where 

NL(/)i is the magnitude of ELFEXT loss at frequency / of pair combination i 
i is the 1 , 2, or 3 (pair-to-pair combination) 

40.7.4 Delay 

In order to simultaneously send data over four duplex channels in parallel, the propagation delay of each 
duplex channel as well as the difference in delay between any two of the four channels are specified. This 
ensures the 1000 Mbps data that is divided across four channels can be properly reassembled at the far-end 
receiver. This also ensures the round-trip delay requirement for effective collision detection is met. 

40.7.4.1 Maximum link delay 

The propagation delay of a link segment shall not exceed 570 ns at all frequencies between 2 MHz and 
100 MHz. 

40.7.4.2 Link delay skew 

The difference in propagation delay, or skew, between all duplex channel pair combinations of a link seg- 
ment, under all conditions, shall not exceed 50 ns at all frequencies from 2 MHz to 100 MHz. It is a further 
functional requirement that, once installed, the skew between any two of the four duplex channels due to 
environmental conditions shall not vary more than 10 ns within the above requirement. 

40.7.5 Noise environment 

The 1000BASE-T noise environment consists of noise from many sources. The primary noise sources that 
impact the objective BER are NEXT and echo interference, which are reduced to a small residual noise 
using cancelers. The remaining noise sources, which are secondary sources, are discussed in the following 
list. 
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The 1000BASE-T noise environment consists of the following: 

a) Echo from the local transmitter on the same duplex channel (cable pair). Echo is caused by the 
hybrid function used to achieve simultaneous bi-directional transmission of data and by impedance 
discontinuities in the link segment. It is impractical to achieve the objective BER without using echo 
cancellation. Since the symbols transmitted by the local disturbing transmitter are available to the 
cancellation processor, echo interference can be reduced to a small residual noise using echo cancel- 
lation methods. 

b) Near-End Crosstalk (NEXT) interference from the local transmitters on the duplex channels (cable 
pairs) of the link segment. Each receiver will experience NEXT interference from three adjacent 
transmitters. NEXT cancelers are used to reduce the interference from each of the three disturbing 
transmitters to a small residual noise. NEXT cancellation is possible since the symbols transmitted 
by the three disturbing local transmitters are available to the cancellation processor. NEXT cancelers 
can reduce NEXT interference by at least 20 dB . 

c) Far-End Crosstalk (FEXT) noise at a receiver is from three disturbing transmitters at the far end of 
the duplex channel (cable pairs) of the link segment. FEXT noise can be cancelled in the same way 
as echo and NEXT interference although the symbols from the remote transmitters are not immedi- 
ately available. However, FEXT noise is much smaller than NEXT interference and can generally be 
tolerated. 

d) Inter-Symbol Interference (ISI) noise. ISI is the extraneous energy from one signaling symbol that 
interferes with the reception of another symbol on the same channel. 

e) Noise from non-idealities in the duplex channel, transmitters, and receivers; for example, DAC/ADC 
non-linearity, electrical noise (shot and thermal), and non-linear channel characteristics. 

f) Noise from sources outside the cabling that couple into the link segment via electric and magnetic 
fields. 

g) Noise from signals in adjacent cables. This noise is referred to as alien NEXT noise and is generally 
present when cables are bound tightly together. Since the transmitted symbols from the alien NEXT 
noise source are not available to the cancellation processor (they are in another cable), it is not possi- 
ble to cancel the alien NEXT noise. To ensure robust operation the alien NEXT noise must meet the 
specification of 40.7.5.1 . 

40.7.6 External coupled noise 

The noise coupled from external sources that is measured at the output of a filter connected to the output of 
the near end of a disturbed duplex channel should not exceed 40 mV peak-to-peak. The filter for this mea- 
surement is a fifth order Butterworth filter with a 3 dB cutoff at 100MHz. 

40.8 MDI specification 

This subclause defines the MDI. The link topology requires a crossover function in a DTE-to-DTE connec- 
tion. See 40.4.4 for a description of the automatic MDI/MDI-X configuration. 

40.8.1 MDI connectors 

Eight-pin connectors meeting the requirements of subclause 3 and Figures 1 through 4 of IEC 60603-7: 1990 
shall be used as the mechanical interface to the balanced cabling. The plug connector shall be used on the 
balanced cabling and the jack on the PHY. These connectors are depicted (for informational use only) in 
Figure 40-29 and Figure 40-30. The assignment of PMA signals to connector contacts for PHYs is shown in 
Table 40-12. 



224 



Copyright © 2002 IEEE. All rights reserved. 



CSMA/CD 



IEEE Std 802.3-2002®, Section Three 




Figure 40-29— MDI connector 




\ 

P1N1 

Figure 40-30— Balanced cabling connector 
Table 40-12— Assignment of PMA signal to MDI and MDI-X pin-outs 



Contact 


MDI 


MDI-X 


i 


BI.DA+ 


BIJDB+ 


2 


BI_DA- 


BI_DB- 


3 


BI.DB+ 


BI_DA+ 


4 


BI_DC+ 


BI_DD+ 


5 


BI_DC- 


BI_DD- 


6 


BLDB- 


BI_DA- 


7 


BI_DD+ 


BI_DC+ 


8 


BI_DD- 


BI.DC- 



40.8.2 Crossover function 

Although the automatic MD1/MDI-X configuration (see 40.4.4) is not required for successful operation of 
1000BASE-T, it is a functional requirement that a crossover function be implemented in every link segment 
to support the operation of Auto-Negotiation. The crossover function connects the transmitters of one PHY 
to the receivers of the PHY at the other end of the link segment. Crossover functions may be implemented 
internally to a PHY or else-where in the link segment. For a PHY that does not implement the crossover 
function, the MDI labels in the middle column of Table 40-12 refer to its own internal circuits. For PHYs 
that do implement the internal crossover, the MDI labels in the last column of Table 40-12 refer to the 
internal circuits of the remote PHY of the link segment. Additionally, the MDI connector for a PHY that 
implements the crossover function shall be marked with the graphical symbol X. The crossover function 
specified here is not compatible with the crossover function specified in 14.5.2 for pairs TD and RD. 

When a link segment connects a single-port device to a multiport device, it is recommended that the cross- 
over be implemented in the PHY local to the multiport device. If neither or both PHYs of a link segment 
contain internal crossover functions, an additional external crossover is necessary. It is recommended that 
the crossover be visible to an installer from one of the PHYs. When both PHYs contain internal crossovers, 
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it is further recommended that, in networks in which the topology identifies either a central backbone seg- 
ment or a central device, the PHY furthest from the central element be assigned the external crossover to 
maintain consistency. 

Implicit implementation of the crossover function within a twisted-pair cable or at a wiring panel, while not 
expressly forbidden, is beyond the scope of this standard. 

40.8.3 MD1 electrical specifications 

The MDI connector (jack) when mated with a specified balanced cabling connector (plug) shall meet the 
electrical requirements for Category 5 connecting hardware for use with 100-ohm Category 5 cable as spec- 
ified in ANSI/TIA/E1A-568-A: 1 995 and 1SO/1EC 11801:1995. 

The mated MD^alanced cabling connector pair shall have a FEXT loss not less than 40 - 201og ]0 (/7100) 
(where /is the frequency over the range 1 MHz to 100 MHz) between all contact pair combinations shown in 



No spurious signals shall be emitted onto the MDI when the PHY is held in power-down mode (as defined in 
22.2.4.1.5) independent of the value of TX_EN, when released from power-down mode, or when external 
power is first applied to the PHY. 

40.8.3.1 MDI return loss 

The differential impedance at the MDI for each transmit/receive channel shall be such that any reflection due 
to differential signals incident upon the MDI from a balanced cabling having an impedance of 100 Q ± 15% 
is attenuated, relative to the incident signal, at least 16 dB over the frequency range of 1 .0 MHz to 40 MHz 
and at least 10 - 201og 10 (/780) dB over the frequency range 40 MHz to 100 MHz (f in MHz). This return loss 
shall be maintained at all times when the PHY is transmitting data or control symbols. 

40.8.3.2 MDI impedance balance 

Impedance balance is a measurement of the impedance-to-ground difference between the two MDI contacts 
used by a duplex link channel and is referred to as common-mode-to-differential -mode impedance balance. 
Over the frequency range 1.0 MHz to 100.0 MHz, the common-mode-to-differential -mode impedance bal- 
ance of each channel of the MDI shall exceed 



where /is the frequency in MHz when the transmitter is transmitting random or pseudo random data. Test- 
mode 4 may be used to generate an appropriate transmitter output. 

The balance is defined as 



1 —Triggered averaging can be used to separate the component due to the applied common-mode sine wave from the 
transmitted data component. 

2— The imbalance of the test equipment (such as the matching of the test resistors) must be insignificant relative to the 
balance requirements. 



Table 40-12. 




dB 




where E cm is an externally applied sine wave voltage as shown in Figure 40-31 and E di f\s the resulting 
waveform due only to the applied sine wave and not the transmitted data. 



NOTES 
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PG 



* Resistor matching to 1 part in 1 000. 

Figure 40-31 — MDI impedance balance test circuit 
40.8.3.3 MDI common-mode output voltage 

The magnitude of the total common-mode output voltage, E cmjout , on any transmit circuit, when measured 
as shown in Figure 40-32, shall be less than 50 mV peak-to-peak when transmitting data. 

MDI 




PG 



Figure 40-32— Common-mode output voltage test circuit 

NOTE— The imbalance of the test equipment (such as the matching of the test resistors) must be insignificant relative to 
the balance requirements. 

40.8.3.4 MDI fault tolerance 

Each wire pair of the MDI shall, under all operating conditions, withstand without damage the application of 
short circuits of any wire to any other wire within the 4-pair cable for an indefinite period of time and shall 
resume normal operation after the short circuit(s) are removed. The magnitude of the current through such a 
short circuit shall not exceed 300 mA. 

Each wire pair shall withstand without damage a 1000 V common-mode impulse applied at E cm of either 
polarity (as indicated in Figure 40-33). The shape of the impulse shall be 0.3/50 ^is (300 ns virtual front 
time, 50 \xs virtual time of half value), as defined in 1EC 60060. 
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MDI 



DEVICE 
UNDER 
TEST 



110 Q> 



<: 402 Q* 



< 402 Q* 



4. 



cm 



PG 



"Resistor matching to 1 part in 100. 



Figure 40-33— MDI fault tolerance test circuit 



40.9 Environmental specifications 

40.9.1 General safety 

All equipment meeting this standard shall conform to 1EC 60950: 1991 . 

40.9.2 Network safety 

This subclause sets forth a number of recommendations and guidelines related to safety concerns; the list is 
neither complete nor does it address all possible safety issues. The designer is urged to consult the relevant 
local, national, and international safety regulations to ensure compliance with the appropriate requirements. 

LAN cabling systems described in this subclause are subject to at least four direct electrical safety hazards 
during their installation and use. These hazards are as follows: 

a) Direct contact between LAN components and power, lighting, or communications circuits. 

b) Static charge buildup on LAN cabling and components. 

c) High-energy transients coupled onto the LAN cabling system. 

d) Voltage potential differences between safety grounds to which various LAN components are con- 



Such electrical safety hazards must be avoided or appropriately protected against for proper network instal- 
lation and performance. In addition to provisions for proper handling of these conditions in an operational 
system, special measures must be taken to ensure that the intended safety features are not negated during 
installation of a new network or during modification or maintenance of an existing network. 

40.9.2.1 Installation 

It is a mandatory requirement that sound installation practice, as defined by applicable local codes and regu- 
lations, is followed in every instance in which such practice is applicable. 

40.9.2.2 Installation and maintenance guidelines 

It is a mandatory requirement that, during installation and maintenance of the cabling plant, care is taken to 
ensure that non-insulated network cabling conductors do not make electrical contact with unintended con- 
ductors or ground. 



nected. 
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40.9.2.3 Telephony voltages 

The use of building wiring brings with it the possibility of wiring errors that may connect telephony voltages 
to 1000BASE-T equipment. Other than voice signals (which are low voltage), the primary voltages that may 
be encountered are the "battery" and ringing voltages. Although there is no universal standard, the following 
maximums generally apply: 

Battery voltage to a telephone line is generally 56 Vdc applied to the line through a balanced 400 £2 source 
impedance. 

Ringing voltage is a composite signal consisting of an ac component and a dc component. The ac component 
is up to 175 V peak at 20 Hz to 60 Hz with a 100 Q source resistance. The dc component is 56 Vdc with a 
300 Q to 600 Q source resistance. Large reactive transients can occur at the start and end of each ring inter- 
val. 

Although 1000BASE-T equipment is not required to survive such wiring hazards without damage, applica- 
tion of any of the above voltages shall not result in any safety hazard. 

NOTE— Wiring errors may impose telephony voltages differentially across 1000BASE-T transmitters or receivers. 
Because the termination resistance likely to be present across a receiver's input is of substantially lower impedance than 
an off-hook telephone instrument, receivers will generally appear to the telephone system as off-hook telephones. There- 
fore, full -ring voltages will be applied for only short periods. Transmitters that are coupled using transformers will simi- 
larly appear like off-hook telephones (though perhaps a bit more slowly) due to the low resistance of the transformer 
coil. 

40.9.3 Environment 

40.9.3.1 Electromagnetic emission 

A system integrating the 1000BASE-T PHY shall comply with applicable local and national codes for the 
limitation of electromagnetic interference. 

40.9.3.2 Temperature and humidity 

A system integrating the 1000BASE-T PHY is expected to operate over a reasonable range of environmental 
conditions related to temperature, humidity, and physical handling (such as shock and vibration). Specific 
requirements and values for these parameters are considered to be beyond the scope of this standard. 

It is recommended that manufacturers indicate in the literature associated with the PHY the operating envi- 
ronmental conditions to facilitate selection, installation, and maintenance. 

40.10 PHY labeling 

It is recommended that each PHY (and supporting documentation) be labeled in a manner visible to the user 
with at least the following parameters: 

a) Data rate capability in Mb/s 

b) Power level in terms of maximum current drain (for external PHYs) 

c) Port type (i.e., 1000BASE-T) 

d) Any applicable safety warnings 
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40.11 Delay constraints 

In half duplex mode, proper operation of a CSMA/CD LAN demands that there be an upper bound on the 
propagation delays through the network. This implies that MAC, PHY, and repeater implementors must 
conform to certain delay minima and maxima, and that network planners and administrators conform to con- 
straints regarding the cabling topology and concatenation of devices. MAC constraints are specified in 
35.2.4. Topological constraints are contained in Clause 42. 

In full duplex mode, predictable operation of the MAC Control PAUSE operation (Clause 31 , Annex 3 IB) 
also demands that there be an jjpper bound on the propagation delays through the network. This implies that 
MAC, MAC Control sublayer, and PHY implementors must conform to certain delay maxima, and that net- 
work planners and administrators conform to constraints regarding the cable topology and concatenation of 
devices. 

The reference point for all MDI measurements is the peak point of the mid-cell transition corresponding to 
the reference code-bit, as measured at the MDI. 

40.11.1 MDI to GMII delay constraints 

Every I000BASE-T PHY associated with a GMII shall comply with the bit delay constraints specified in 
Table 40-13 for half duplex operation and Table 40-14 for full duplex operation. These constraints apply for 
all 1000BASE-T PHYs. For any given implementation, the assertion and de-assertion delays on CRS shall 
be equal. 



Table 40-13— MDI to GMII delay constraints (half duplex mode) 



Sublayer 
measurement 
points 


Event 


Min 
(bit 
times) 


Max 
(bit 
times) 


Input timing 
reference 


Output timing 
reference 


GMII o MDI 


TX_EN Sampled to MDI Output 




84 


GTX.CLK 
rising 


1 st symbol of 
SSD/CSReset/ 
CSExtend/ 
CSExtendJErr 




MDI input to CRS assert 




244 


1 st symbol of 
SSD/CSReset 






MDI input to CRS de-assert 




244 


1st symbol of 
SSD/CSReset 






MDI input to COL assert 




244 


1st symbol of 
SSD/CSReset 






MDI input to COL de-assert 




244 


1 st symbol of 
SSD/CSReset 






TX_EN sampled to CRS assert 




16 


GTX_CLK 
rising 






TX_EN sampled to CRS de-assert 




16 


GTX.CLK 
rising 





40.11.2 DTE delay constraints (half duplex only) 

Every DTE with a 1000BASE-T PHY shall comply with the bit delay constraints specified in Table 40-15 
for half duplex operation. 
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Table 40-14— MDI to GMII delay constraints (full duplex mode) 



Sublayer 

kpP %A U1UJ V M. 

measurement 
points 


Event 


Min 
(bit 
times) 


Max 
(bit 
times) 


Input timing 
reference 


Output timing 
reference 


GMII o MDI 


TXJEN Sampled to MDI Output 




84 


GTX_CLK 
rising 


1st symbol of 
SSD/CSReset/ 
CSExtend/ 
CSExtend_Err 




MDI input to RX_DV de-assert 




244 


1st symbol of 
CSReset 




Table 40-15— DTE delay constraints (half duplex mode) 


Sublayer 
measurement 
points 


Event 


Min 
(bit 
times) 


Max 
(bit 
times) 


Input timing 
reference 


Output timing 
reference 


MAC o MDI 


MAC transmit start to MDI output 




132 




1st symbol of 
SSD 




MDI input to collision detect 




292 


1 st symbol of 
SSD 






MDI input to MDI output 
(nondeferred or Jam) 




440 


1st symbol of 
SSD 


1st symbol of 
SSD 




MDI Input to MDI output 
(worse-case non-deferred transmit) 




440 


1 st symbol of 
SSD 


1st symbol of 
SSD 



40.11.3 Carrier de-assertion/assertion constraint (half duplex mode) 

To ensure fair access to the network, each DTE operating in half duplex mode shall, additionally, satisfy the 
following: (MAX MDI to MAC Carrier De-assert Detect) - (MIN MDI to MAC Carrier Assert Detect) < 16 
Bit Times. 

40.12 Protocol implementation conformance statement (PICS) proforma for 
Clause 40— Physical coding sublayer (PCS), physical medium attachment (PMA) 
sublayer and baseband medium, type 1000BASE-T 11 

The supplier of a protocol implementation that is claimed to conform to this clause shall complete the Proto- 
col Implementation Conformance Statement (PICS) proforma listed in the following subclauses. 

Instructions for interpreting and filling out the PICS proforma may be found in Clause 21 . 



11 Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so it can be 
used for its intended purpose and may further publish the completed PICS. 
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40.12.1 Identification 



40.12.1.1 Implementation identification 



Supplier 




Contact point for queries about the PICS 




Implementation Name(s) and Version(s) 




Other information necessary for full identification— e.g. , 
name(s) and version (s) for machines and/or operating 
systems; 
System Name(s) 




NOTES 

1 —Only the first three items are required for all implementations; other information may be completed as 
appropriate in meeting the requirements for the identification. 

2— The terms Name and Version should be interpreted appropriately to correspond with a supplier's terminology 
(e.g., Type, Series, Model). 



40.12.1.2 Protocol summary 



Identification of protocol specification 


IEEE Std 802.3-2002^, Clause 40, Physical coding sub- 
layer (PCS), physical medium attachment (PMA) sub- 
layer, and baseband medium, type I000BASE-T 


Identification of amendments and corrigenda to this 
PICS proforma which have been completed as part of 
this PICS 




Have any Exceptions items been required? No [ ] Yes f ] 

(See Clause 21 —The answer Yes means that the implementation does not conform to the standard) 


Date of Statement 





40.12.2 Major capabilities/options 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


*GMII 


PHY associated with GMII 


40.1 


O 


Yes[] 
Nof] 




♦DTE 


DTE with PHY not associated 
with GMII 


40.1 


0 


Yes[] 
Nofl 




AN 


Support for Auto-Negotiation 
(Clause 28) 


40.5.1 


M 


Yesfl 


Required 


OMS 


Operation as MASTER or 
SLAVE 


40.5.1 


M 


Yesfl 


Required 


*FDX 


PHY supports full duplex 
mode 


40.1 


O 


Yesf] 
Nofl 




*HDX 


PHY support half duplex mode 


40.1 


O 


Yesf] 
Nofl 




*INS 


Installation / cabling 


40.7 


0 


Yesfl 
Nofl 


Items marked with INS include 
installation practices and 
cabling specifications not 
applicable to a PHY 
manufacturer. 


*AXO 


Auto-Crossover 


40.4.4 


0 


Yesfl 
Nofl 


PHY supports auto-crossover 
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40.12.3 Clause conventions 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


CCO I 


The values of all components 
in test circuits shall be 


40.1.6 


M 


Yesf] 


Accurate to within ±1 % unless 
otherwise stated. 



40.12.4 Physical Coding Sublayer (PCS) 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PCTl 


The PCS shall 


40.3.1.2 


M 


Yesf] 


Implement the Data Transmis- 
sion Enabling process as 
depicted in Figure 40-8 
including compliance with the 
associated state variables 
specified in 4033. 


PCT2 


PCS Transmit function shall 


403.13 


M 


Yesf] 


Conform to the PCS Transmit 
state diagram in Figure 40-9. 


PCT3 


PCS Transmit shall 


40.4.5.1 


M 


Yesf] 


Send code-groups according to 
the value assumed by the 
tx_mode variable. 


PCT4 


If the parameter config 
provided to the PCS by the 
PHY Control function via the 
PMA_CONFIG.indicate 
message assumes the value 
MAoic.K,rLo iransmusnaii 


403.13.1 


M 


Yesf] 


Employ the transmitter side- 
stream scrambler generator 
polynomial specified for use 
with MASTER in 403.1 3.1. 


PCT5 


If the parameter config 
provided to the PCS by the 
PHY Control function via the 
PM AJZONFIG .indicate 
message assumes the value 
SLAVE, PCS Transmit shall 


403.13.1 


M 


Yes [ ] 


Employ the transmitter side- 
stream scrambler generator 
polynomial specified for use 
with SLAVE in 40.3.1 3.1. 


PCT6 


In no case shall 


403.13.1 


M 


Yesn 


The scrambler state be 
initialized to all zeros. 


PCT7 


If tx_error n = 1 when the 
condition (tx_enable n * 
tx_enable n . 2 ) = 1 , error 
indication is signaled by means 
of symbol substitution, 
wherein the values of Sd n [5:0] 
are ignored during mapping 
and the symbols corresponding 
to the row denoted as 
"xmt_err" in Table 40-1 and 
Table 40-2 shall be used. 


40.3.13.5 


M 


Yesf] 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PCT8 


If tx_error n =0 when the vari- 
able csreselp = 1 , the convolu- 
tional encoder reset condition 
is normal. This condition is 
indicated by means of symbol 
substitution, where the values 
of Sd n [5:0] are ignored during 
mapping and the symbols cor- 
responding to the row denoted 
as "CSReset" in Table 40-1 
and Table 40-2 shall be used. 


403.13.5 


M 


Yes[] 




PCT9 


If tx_error n = 1 is asserted when 
the variable csreset^ = 1 . the 
convolutional encoder reset 
indicates carrier extension. In 
this condition, the values of 
Sd n f5:0] are ignored during 
mapping and the symbols 
corresponding to the row 
denoted as "CSExtend" in 
Table 40-1 and Table 40-2 
shall be used when TXD n = 
Ox 'OF, and the row denoted as 
"CSExtendJErr" in Table 40-1 
and Table 40-2 shall be used 
when TXD n *0x'0R 


403.13.5 


M 


Yesf] 




PCT10 


In case carrier extension with 
error is indicated during the 
first octet of CSReset, the error 
condition shall be encoded 
during the second octet of 
CSReset, and during the 
subsequent two octets of the 
End-of-Stream delimiter. 


403.13.5 


M 


Yes[] 




PCT11 


The symbols corresponding to 
the SSDI row in Table 40-1 
shall be used when the 
condition (tx_enable n ) * 
(!tx_enable n .|) = 1 . 


403.I-.3J 


M 


Yes [I 




PCT12 


The symbols corresponding to 
the SSD2 row in Table 40-1 
shall be used when the 
condition (tx_enable n . t )* 
(!tx_enable n _ 2 ) = 1 . 


403.1 3 5 


M 


Yesf] 




PCT13 


If carrier extend error is 
indicated during ESD, the 
symbols corresponding to the 
ESD_Ext_Err row in 
Table 40-1 shall be used. 


403.13.5 


M 


Yesfl 




PCTI4 


The symbols corresponding to 
the ESDI row in Table 40-1 
shall be used when the 
condition (!tx_enable n _ 2 ) * 
(tx_enable n . 3 ) = 1 , in the 
absence of carrier extend error 
indication at time n. 


40.3.13.5 


M 


Yes[] 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PCTI5 


The symbols corresponding to 
the ESD2_Ext_0 row in 
shall be used when the 
condition (!tx_enable n _ 3 ) * 
(tx_enable n _4) * (!tx_error n ) * 
Ptx error .1=1 


403.1.3.5 


M 


Ycs[] 




PCT16 


The symbols corresponding to 
theESD2_Ext_l row in 
Table 40-1 shall be used when 
the condition (!tx_enable n _ 3 ) * 
(tx_enable n _4) * (!tx_error n ) * 
(tx.errorn.!) * (tx_error n . 2 ) * 
(tx_error n _ 3 )= 1. 


403.1.3.5 


M 


Yesf 1 




PCT17 


The symbols corresponding to 
the ESD2_Ext_2 row in 
Table 40-1 shall be used when 
the condition (!tx_enable n _ 3 ) * 
(tx.enable^) * (tx_error n ) * 
(tx_error n .|) * (tx_error n _ 2 ) * 
(tx_error n . 3 ) * (TXD n =Ox0F)= 
1 , in the absence of carrier 
extend error indication. 


403.1.3.5 


M 


Ycs[l 





40.12.4.1 PCS receive functions 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PCR1 


PCS Receive function shall 


403.I.4 


M 


Yes[] 


Conform to the PCS Receive 
state diagram shown in 
Figure 40- 10a including com- 
pliance with the associated 
state variables as specified in 
403.3. 


PCR2 


The PHY shall 


40 .3. 1 .4.2 


M 


Yes[] 


Descramble the data stream 
and return the proper sequence 
of data bits RXD<7:0> to the 
GMII. 


PCR3 


For side-stream descrambling, 
the MASTER PHY shall 
employ 


40.3.1.4.2 


M 


Yesf] 


The receiver scrambler genera- 
tor polynomial specified for 
MASTER operation in 
403.1.4.2. 


PCR4 


For side-stream descrambling, 
the SLAVE PHY shall employ 


403.1.4.2 


M 


Yesf] 


The receiver scrambler genera- 
tor polynomial specified for 
SLAVE operation in 
403.1.4.2. 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PCOl 


The PCS Reset function shall 


403.1.1 


M 


Yes[] 


Be executed any time "power 
on" or receipt of a request for 
reset from the management 
entity occurs, including com- 
pliance with the associated 
state variables as specified in 
4033. 


PC02 


The PCS shall 


40.3.1.5 


M 


Yes[] 


Implement the Carrier Sense 
process as depicted in 
Figure 40-1 1 , including com- 
pliance with the associated 
state variables as specified in 
40.3.3. 


PC03 


Symb-timer shall be generated 


40333 


M 


Yesf] 


Synchronously with 
TXJTCLK. 



40.12.5 Physical Medium Attachment (PMA) 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PMF1 


PMA Reset function shall be 
executed 


40.4.2.1 * 


M 


YesN 


At power on and upon receipt 
of a reset request from the 
management entity or from 
PHY Control. 


PMF2 


PMA Transmit shall 


40.4.2.2 


M 


Yes[] 


Continuously transmit onto the 
MDI pulses modulated by the 
quinary symbols given by 
tx_symb_vector[BI_DA] , 
tx_symb_vectorrBI_DB]\ 
tx_symb„vectorfBI_DC], and 
tx_symb_vector[BI_DD] , 
respectively. 


PMF3 


The four transmitters shall be 
driven by the same transmit 
clock, TXJTCLK 


40.4.2.2 


M 


Yes[] 




PMF4 


PMA Transmit shall 


40.4.2.2 


M 


Yes[] 


Follow the mathematical 
description given in 40.43.1 . 


PMF5 


PMA Transmit shall comply 
with 


40.4.2.2 


M 


Yes[] 


The electrical specifications 
given in 40.6. 


PMF6 


When the 

PMA.CONFIG.indicate 
parameter config is MASTER, 
the PMA Transmit function 
shall 


40.4.2.2 


M 


Yes[] 


Source the transmit clock 
TXJTCLK from a local clock 
source while meeting the 
transmit jitter requirements 
of 40.6. 1.2.5. 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PMF7 


When the 

PMA_CONFlG.indicate 
parameter config is SLAVE, 
the PMA Transmit function 
shall 


40.4.2.2 


M 


Yes[] 


Source the transmit clock 
TX_TCLK from the recovered 
clock of 40.4.23 while 
meeting the jitter requirements 

OT 4U.0.1 .ZJj. 


PMF8 


PMA Receive function shall 


40.4.2.3 


M 


Yes[] 


Translate the signals received 
on pairs BI_DA BI_DB, 
d1 — DC and Di_uu into the 
PMA_UNITDATA .i ndicate 
parameter rx_symb_vector 
with a symbol error rate of less 
than one part in 10 i0 . 


PMF9 


PHY Control function shall 


40.4.2.4 


M 


YesT] 


Comply with the state diagram 
descriptions given in 
Figure 40-15. 


PMF10 


The Link Monitor function 

-1,-11 

snail 


40.4.2.5 


M 


Yes[] 


Comply with the state diagram 
shown in Figure 40-16. 


PMF11 


Clock Recovery function shall 
provide 


40.4.2.6 


M 


Yes[] 


Provide clocks suitable for sig- 
nal sampling on each line so 
that the symbol-error rate indi- 
cated in 40.4.23 is achieved. 


PMF12 


The symbol response shall 
comply with 


40.43.1 


M 


Yes[] 


The electrical specifications 
given in 40.6. 


PMF13 


The four signals received on 
pairs BI.DA, B1_DB, BLDC, 
and BI_DD shall be processed 
within the PMA Receive 
function to yield 


40.4.3.2 


M 


Yes[] 


The quinary received symbols 
rx_symb_vector[BI_DAl , 
rx_sy mb_vector[ B I JDB ] , 
nc_symb_vector[BI_DC], and 
rx_symb_vectorPBI_DD] . 


PMF14 


If an automatic configuration 
method is used, it shall 


40.4.4 


M 


Yes[] 


Comply with the 
specifications of 40.4.4. 


PMF15 


The PMA shall 


40.4.5.1 


M 


Yes[] 


Generate the config variable 
continuously and pass it 
to the PCS via the 
PMA_CONFIG.indicate 
primitive. 


PMF16 


The variable link_det shall take 
the value 


40.4.5.1 


AXO:M 


N/A[] 
Yes[] 


TRUE or FALSE as per 
40.4.4.1. 


PMF17 


The variable MDI_status shall 
take the value 


40.4.5.1 


AXO:M 


N/A[] 
Yes[] 


MDI or MDI-X as per 
Table 40-12. 


PMF18 


Pi'n Trancmit chnll 
r v^o i j aiiaiiiii oUaij 




ivl 


Yes L J 


Send code-groups according to 
the value assumed by tx_mode. 


PMF19 


The A.timer shall have a 
period of 


40.4.5.2 


AXO:M 


N/A [] 
Yes[] 


1 3s ± 25%. 


PMF20 


The maxwait_timer timer shall 
expire 


40.4.5.2 


M 


Yes f 1 


750 ± 10 ms if 
config = MASTER or 
350 ± 5ms if config = SLAVE 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PMF2I 


The minwait_timer timer shall 
expire 


40.4.52 


M 


Yes[] 


1 ±0.1/* s after being started. 


PMF22 


The sample_timer shall have a 
period of 


40.4.5.2 


AXO:M 


N/A[] 
Yes[] 


62 ± 2ms. 


PMF23 


The stabilize_timer shall 
expire 


40.4.52 


M 


Yesfl 


1 ± 0.1 fts after being started. 


40.12.6 Management interface 


Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


MFI 


All lOOOBASE-TPHYs shall 
provide support for Auto- 
Negotiation (Clause 28) and 
shall be capable of operating as 
MASTER or SLAVE. 


40.5.1 


M 


Yes[] 




MF2 


A 100BASE-T PHY shall 


40.5.1.1 


M 


Yesf] 


Use the management register 
definitions and values specified 
in Table 40-3. 


40.12.6.1 1000BASE-T Specific Auto-Negotiation Requirements 


Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


AN1 


1000BASE-T PHYs shall 


40.5.1.2 


M 


Yes[] 


Exchange one Auto-Negotia- 
tion Base Page, a 1000BASE-T 
formatted Next Page, and two 
1000BASE-T unformatted 
Next Pages in sequence, with- 
out interruption, as specified in 
Table 40-4. 


AN2 


The MASTER-SLAVE rela- 
tionship shall be determined 
during Auto-Negotiation 


40.5.2 


M 


Yes [ ] 


Using Table 40-5 with the 
1000BASE-T Technology 
Ability Next Page bit values 
specified in Table 40-4 and 
information received from the 
link partner. 


AN3 


Successful completion of the 
MASTER-SLAVE resolution 
shall 


40.5.2 


M 


Yesf] 


Be treated as MAS- 
TER-SLAVE configuration 
resolution complete. 


AN4 


A seed counter shall be pro- 
vided to 


40.5.2 


M 


YesM 


Track the number of seed 
attempts. 


AN5 


At start-up, the seed counter 
shall be set to 


40.5.2 


M 


Yes [ ] 


Zero. 


AN6 


The seed counter shall be 
incremented 


40.5.2 


M 


Yesf] 


Every time a new random seed 
is sent. 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


AN7 


When MASTER-SLAVE 
resolution is complete, the seed 
counter shall be reset to 0 and 
bit 10.15 shall be set to logical 
zero. 


40.5.2 


M 


Yesfl 




AN8 


Maximum seed attempts 
before declaring a 
MASTER_SLAVE configura- 
tion Resolution Fault 


40.5.2 


M 


Yesfl 


Seven. 


AN9 


During MASTER.SLAVE 
configuration, the device with 
the higher seed value shall 


40.5.2 


M 


Yes[] 


Become the MASTER. 


AN10 


During MASTER_SLAVE 
configuration, the device with 
the lower seed value shall 


403.2 


M 


Yes[] 


Become the SLAVE. 


AN11 


Both PHYs set in manual 
mode to be either MASTER or 
olave snail oe ireaiea as 


40.5.2 


M 


Yesf] 


MASTER-SLAVE resolution 
fault (failure) condition. 


AN12 


MASTER-SLAVE resolution 
fault (failure) condition shall 
result in 

ILfdUll 111 


4052 


M 


Yes[] 


MASTER-SLAVE Configura- 
tion Resolution Fault bit 
(10.15) to be set to logical one. 


AN13 


MASTER-SLAVE Configura- 
tion resolution fault condition 
shall be treated as 


4052 


M 


Yes[] 


MASTER-SLAVE Configura- 
tion Resolution complete. 


AN14 


MASTER-SLAVE Configura- 
tion resolution fault condition 
shall 


40.5.2 


M 


Yesf] 


Cause link_status_1000BASE- 
T to be set to FAIL. 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PME15 


The PHY shall provide 
electrical isolation between 


40.6.1.1 


M 


YesM 


The port device circuits 
including frame ground, and 
all MDI leads. 


PME16 


PHY-provided electrical 
separation shall withstand at 
least one of three electrical 
strength tests 


40.6.1.1 


M 


Yes[] 


a) 1 500 V rms at 50Hz to 60Hz 
for 60 supplied as specified in 
Section 5.3.2 of IEC 
60950:1991. 

b) 2250 Vdc for 60 s, applied 
as specified in Section 5.32 of 
IEC 60950: 1991. 

c) A sequence of ten 2400 V 
impulses of alternating polar- 
ity, applied at intervals of not 
less than 1 s. The shape of the 
impulses shall be 1 2/50 us. 

( 1 .2 us virtual front time, 50 us 
virtual time or half value), as 
defined in IEC 60060. 


PME17 


There shall be no insulation 
breakdown as defined in 
Section 53.2 of IEC 60950, 
during the test. 


40.6.1. 1 


M 


Yes[] 




PME18 


The resistance after the test 
shall be at least 


40.6.1.1 


M 


YesM 


2 MQ, measured at 500 Vdc. 


PME19 


The transmitter 

MASTER -SLAVE timing jitter 
test channel shall 


40.6.1.1.1 


M 


Yes[] 


Be constructed by combining 
100 Q and 120 Q cable 
segments that meet or exceed 
ISO.IEC 11801 Category 5 
specifications for each pair as 
shown in Figure 40-18 with 
the lengths and additional 
restrictions on parameters 
described in Table 40-6. 


PME20 


The ends of the 

MASTER-SLAVE timing jitter 
test channel shall 


40.6.1.1.1 


M 


Yes[] 


Be connectorized with connec- 
tors meeting or exceeding 
ANSimA/EIA-568-A: 1995 
orlSO/IEC 11801:1995 
Category 5 specifications. 


PME21 


The return loss of the 
MASTER-SLAVE timing jitter 
test channel shall 


40.6.1. 1.1. 


M 


YesM 


Meet the return loss 
requirements of 40.7.2.3. 


PME22 


The return loss of the 
MASTER-SLAVE timing jitter 
test channel shall 


40.6.1.1.1 


M 


YesM 


Meet the crosstalk 
requirements of 40.73 on 
each pair. 


PME23 


The test modes described in 
40 .6.1 .1 .2 shall be provided for 
testing of the transmitted wave- 
form, transmitter distortion and 
transmitted jitter. 


40.6.1. 1.2 


M 


Yesf] 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PME24 


For a PHY with a GMII 
interface the test modes shall be 
enabled by 


40 .6. I.I. 2 


M 


YesM 


Setting bits 9:13-15 
(1000BASE-T Control 
Register) of the GMII 
Management register set as 
shown in Table 40-7. 


PME25 


The test modes shall only 
change the data symbols 
provided to the transmitter 
circuitry and shall not alter the 
electrical and jitter 
characteristics of the 
transmitter and receiver from 
those of normal operation. 


40.6.1.1.2 


M 


Yes[] 




rlvliiZO 


A rxi i witnout a (jMii snail 
provide a means to enable the 
test modes for conformance 
testing. 


4U.0.1 .1 .1 


M 


Yes | 1 




PME27 


When transmit test mode 1 is 
enabled, the PHY shall transmit 


40.6.1.1.2 


M 


Yes[] 


The sequence of data symbols 
specified in 40.6.1.1.2 
continuously from all four 
transmitters. 


PME28 


When in test mode 1 , the trans- 
mitter shall time the transmitted 
symbols 


40.6.1.1.2 


M 


Yes[] 


From a 125.00 MHz ± 0.01% 
clock in the MASTER timing 
mode. 


PME29 


When test mode 2 is enabled, 
the PHY shall transmit 


40.6.1.1.2 


M 


Yesf] 


The data symbol sequence 
{+2,-2} repeatedly on all four 
channels. 


PME30 


When in test mode 2, the 
transmitter shall time the 
transmitted symbols 


40.6.1.1.2 


M 


Yes[] 


From a 1 25 .00 MHz ± 0 .0 1 % 
clock in the MASTER timing 
mode. 


PME3I 


When transmit test mode 3 is 
enabled, the PHY shall transmit 


40.6.1.1.2 


M 


Yesfl 


The data symbol sequence 
{+2,-2} repeatedly on all four 
channels. 


PME32 


When in test mode 3, the 
transmitter shall time the 
transmitted symbols 


40.6.1.1.2 


M 


Yes[] 


From a 125 MHz ± 1% clock 
in the SLAVE timing mode. 




When test mode 4 is enabled, 
the PHY shall transmit 


4U.0.I .1 .2 

\ 


M 


Vac r i 
Yes [ ] 


The data symbols generated by 
the scrambler polynomial spec- 
ified in 40.6.1.1 2. 


PME34 


When test mode 4 is enabled, 
the PHY shall 


40.6.1.1.2 


M 


Yesf] 


Use the bit sequences 
generated by the scrambler bits 

cnnvi/n in alt oil/ tn oAnpnitP 
allUWll 111 HU.U.l . 1 .i. IU gCllCIaLC 

the quinary symbols, s n , as 
shown in Table 40-8. 


PME35 


When test mode 4 is enabled, 
the maximum- length shift reg- 
ister used to generate the 
sequences defined by this poly- 
nomial shall be 


40.6.1.1.2 


M 


Yesf] 


Updated once per symbol 
interval (8 ns). 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PME36 


When test mode 4 is enabled 
the bit sequences, x0 n ,xl n ,and 
x2 n , generated from combina- 
tions of the scrambler bits 
shown in 40.o.! .1 .2 snail be 


40.6.1.1.2 


M 


Yes T 1 


symbols, s n , as shown in 
Table 40-8. 


PME37 


When test mode 4 is enabled, 
the quinary symbol sequence 
shall be 


40.6.1.1.2 


M 


YesM 


Presented simultaneously to all 
transmitters. 


PME38 


When in test mode 4, the trans- 
mitter shall time the transmitted 


40.6.1.1.2 


M 


Yesf ] 


From a 125.00 MHz ±0.01% 
clock in the MASTER timing 
mode. 


PME39 


The test fixtures defined in 
Figure 40-22, Figure 40-23, 
Figure 40-24, and 

1 IgUlC Hu i.J \Jl L1IC11 lUIlwllUllal 

equivalents shall be used for 
measuring transmitter specifi- 
cations. 


40.6.1.13 


M 


Yes[l 




PME40 


The test filter used in 
transmitter test fixtures 1 and 3 
shall 


40.6.1.1.3 


M 


Yes[] 


Have the continuous time 
transfer function specified in 
40.6.1 .1 3 or its discrete time 
equivalent. 


PME41 


The disturbing signal V d shall 


40.6.1.1.3 


M 


Yesn 


Have the characteristics listed 
in iaDie*rV>-y. 


PME42 


To allow for measurement of 
transmitted jitter in MASTER 
and SLAVE modes the PHY 
shall provide access to the 125 
MHz symbol clock, TXJTCLK 

Lllal UlllCa LUC llallMIUHCU 

symbols. 


40.6.1.13 


M 


Yes[] 




PME43 


To allow for measurement of 
transmitted jitter in MASTER 

and SI AVF mndps tht* PHY 

shall provide a means to enable 
the TXJTCLK output if it is not 
normally enabled. 


40.6.1.13 


M 


Yesfl 




PME44 


Thp PMA shall 




1V1 


ies i j 


rToviae me transmit iuncuon 
specified in 40.4.2.2 in 
accordance with the electrical 
specifications of this clause. 


PME45 


Where a load is not specified, 
the transmitter shall 


40.6.1.2 


M 


Yes[] 


Meet the requirements of this 
clause with a 100 Q resistive 
differential load connected to 
each transmitter output. 


PME46 


The tolerance on the poles of 
the test filters used in 40.6 shall 
be ± 1%. 


40.6.1.2 


M 


Yesf] 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PME47 


When in transmit test mode 1 
and observing the differential 
signal output at the MDI using 
test fixture 1 , for each pair, with 

nn tntprvpfiino pahlp fhp 

il\J ill 11*1 Vwlllllg U1V> 

absolute value of the peak of 
the waveform at points A and B 
as defined in Figure 40-19 shall 
fall within 


40.6.1.2.1 


M 


Yes [ ] 


The range of 0.67 V to 0.82 V 
(0.75 V ± 0.83 dB). 


PME48 


T*hp nHvnliifp vnlnp rif t hp npalf 

of the waveforms at points A 
and B shall 


40.6.1 .2.1 


M 


ies [ j 


niffpr hv 1pq« than 1 % 


PME49 


The absolute value of the peak 
of the waveform at points C and 
D as defined in Figure 40-19 
shall differ 


40.6.1.2.1 


M 


Yes T ] 


From 05 times the average of 
the absolute values of the 
peaks of the waveform at 
points A and B by less than 

2%. 


PME50 


When in transmit test mode 1 
and observing the differential 
transmitted output at the MDI, 
for either pair, with no 
intervening cabling, the peak 
value of the waveform at point 
F as defined in Figure 40-19 
shall be 


40.6.1.2.2 


M 


Yes[] 


Greater than 73.1% of the 
magnitude of the negative peak 
value of the waveform at point 
F. Point G is defined as the 
point exactly 500 ns after point 
F. Point F is defined as the 
point where the waveform 
reaches it's minimum value 
at the location indicated in 
Figure 40-19. 


PME51 


When in transmit test mode 1 
and observing the differential 
transmitted output at the MDI, 
for either pair, with no interven- 
ing cabling, the peak value of 
the waveform at point J as 
defined in Figure 40-19 shall 
be 


40.6.1 .2.2 


M 


Yes[] 


Greater than 73.1 % of the 
magnitude of the peak value of 
the waveform at point H. Point 
J is defined as the point exactly 
500 ns after point H. Point H is 
defined as the point where the 
waveform reaches it's 
maximum value at the location 
indicated in Figure 40-19. 


PME52 


When in test mode 1 and 
observing the differential signal 
output at the MDI using trans- 
mitter test fixture 1 , for each 
pair, with no intervening cable, 
the voltage waveforms at points 
A, B, C,D defined in 
Figure 40-19, after the normal- 
ization described within the ref- 
erenced subclause, shall 


40.6.1.23 


M 


Yestl 


Lie within the time domain 
template 1 defined in 
Figure 40-26 and the piece- 
wise linear interpolation 
between the points in 
Table 40- 10. The waveforms 
may be shifted in time as 
appropriate to fit within the 
template. 


PME53 


When in test mode I and 
observing the differential signal 
output at the MDI using 
transmitter test fixture 1 , for 
each pair, with no intervening 
cable, the voltage waveforms at 
points F and H defined in 
Figure 40-19, after the 
normalization described within 
the referenced subclause, shall 


40.6.1.2.3 


M 


Yesfl 


Lie within the time domain 
template 2 defined in 
Figure 40-26 and the piece- 
wise linear interpolation 
between the points in 
Table 40-1 1 . The waveforms 
may be shifted in time as 
appropriate to fit within the 
template. 
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LOCAL AND METROPOLITAN AREA NETWORKS: 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PME54 


When in test mode 4 and 
observing the differential signal 
output at the MDI using trans- 
mitter test fixture 3, for each 
pair, with no intervening cable, 
the peak distortion as defined 
below shall be 


40.6.1.2.4 


M 


Yes[] 


Less than 1 0 m V. 


PME55 


When in the normal mode of 
operation as the MASTER; the 
peak-to-peak value of the 
MASTER TX_TCLK jitter 
relative to an unjittered refer- 
ence shall be 


40.6.1.2.5 
* 


M 


Yes[] 


Less than 1 .4 ns. 


PME56 


When the jitter waveform on 
TX.TCLK is filtered by a high- 
pass filter, Hjf|(/) having the 
transfer function specified in 
40.6.1 .2.5, the peak-to-peak 
value of the resulting filtered 
timing jitter plus J uout , shall be 


40.6.1.2.5 


M 


Yes[] 


Less than 0.3 ns. 


PME57 


When in the normal mode of 
operation as the SLAVE, 
receiving valid signals from a 
compliant PHY operating as the 
MASTER using the test chan- 
nel defined in 40.6.1 .1.1 , with 
test channel port A connected to 
the SLAVE, the peak-to-peak 
value of the SLAVE TX_TCLK 
jitter relative to the MASTER 
TXJTCLK shall be 


40.6.1.23 


M 


Yesfl 


Less than 1 .4 ns after the 
receiver is properly receiving 
the data and has set bit 1 0.1 3 of 
the GMII management register 
set to 1. 


PME58 


When the jitter waveform on 
TX.TCLK is filtered by a high- 
pass filter, Hjf2(/), having the 
transfer function specified in 
40.6.1 .2.5, the peak-to-peak 
value of the resulting filtered 
timing jitter plus Jtxout shall be 


40.6.1.23 


M 


Yesf] 


No more than 0.4 ns greater 
than the simultaneously 

rnpasnrftH npak-fn-npaW valnp 

of the MASTER jitter filtered 
byH jfl (/) 


PME59 


For all jitter measurements the 
peak-to-peak value shall be 


40.6.1.23 


M 


Yes[] 


Measured over an unbiased 
sample of at least I0 5 clock 
edges. 


PME60 


For all unfiltered jitter 
measurements the 
peak-to-peak value shall be 


40.6.1.23 


M 


Yes[l 


Measured over an interval of 
not less than 100 ms and not 
more than 1 second. 


PME61 


The quinary symbol transmis- 
sion rate on each pair of the 
MASTER PHY shall be 


40.6.1.2.6 


M 


Yes[l 


125.00 MHz ± 0.01% 


PME62 


The PMA shall provide the 
Receive function specified in 
40.3.1 .4 in accordance with the 
electrical specifications of this 
clause. 


40.6.1.3 


M 


YesM 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


PME63 


The patch cabling and 
interconnecting hardware used 
in test configurations shall be 


40.6.1.3 


M 


Yes[l 


Within the limits specified in 
40.7. 


PME64 


Differential signals received 
on the receive inputs that 
were transmitted within the 
specifications given in 40.6.1 .2 
and have then passed through a 
link compatible with 40.7, shall 
be translated into 


40.6.1.3.1 


M 


Ycs[] 


One of the 

PM AJJNITDATA .indicate 
messages with a 4-D symbol 
rate error less than 10 and 
sent to the PCS after link 
bring-up. Since the 4-D sym- 
bols are not accessible, this 
specification shall be satisfied 
by a frame error rate less than 
10" 7 for 125 octet frames. 


PME65 


The receive feature shall 


40.6.13.2 


M 


Yes[l 


Properly receive incoming data 
with a 5-level symbol rate 
within the range 125.00 MHz ± 
0.01%. 


PME66 


The signal generator for the 
common-mode test shall be 


40.6.1.3.3 


M 


Yesf] 


Capable of providing a sine 
wave signal of 1 MHz to 
250 MHz. 


PME67 


While sending data from the 
transmitter the receiver shall 


40.6.1.33 


M 


Yes[] 


Send the proper 
PM A_UNITDATA .indicate 
messages to the PCS as the sig- 
nal generator frequency is var- 
ied from I MHz to 250 MHz. 


PME68 


While receiving data from a 
transmitter specified in 40.6.1 .2 
through a link segment 
specified in 40.7 connected to 
all MDI duplex channels, a 
receiver shall 


40.6.1.34 


M 


Yesfl 


Send the proper 
PMA_UNITDATA .indicate 
message to the PCS when 
any one of the four pairs is 
connected to a noise source as 
described in Figure 40-28. 


PME69 


The alien crosstalk test 
specified in 40.6.1 .3.4 shall be 
satisfied by 


40.6.13.4 


M 


Yesfl 


A frame error rate of less than 
10' 7 for 125 octet frames 


PME70 


The noise source shall be 


40.6.1.3.4 


M 


Yesfl 


Connected to one of the MDI 
inputs using Category 5 
balanced cable of a maximum 
length of 0.5 m. 



Copyright © 2002 IEEE. All rights reserved. 



245 



IEEE Std 802.3-2002®, Section Three 

40.12.8 Characteristics of the link segment 



LOCAL AND METROPOLITAN AREA NETWORKS: 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


LKS1 


All implementations of the 
balanced cabling link shall 


40.7.I 


M 


Yesfl 


Be compatible at the MDI. 


LKS2 


1000BASE-T links shall 


40.7.1 


M 


Yes [J 


Consist of Category 5 
components as specified in 
ANSI/TIA/EIA-568-A: 1995 
andlSO/IEC 11801:1995. 


LKS3 


Link segment testing shall be 
conducted using 


40.7.2 


M 


Yesf] 


Source and load impedances of 
100Q. 


LKS4 


The tolerance on the poles 
of the test filter used in this 
section shall be 


40.7.2 




Yes[] 


± 1%. 


LKS5 


The insertion loss of each 
duplex channel shall be 


40.7.2.1 


M 


Yesfl 


Less than 2.1 f°' 529 + 0.4// 
(dB) at all frequencies from 1 
MHz to 100 MHz. This 
includes the attenuation of the 
balanced cabling pairs, con- 
nector losses, and patch cord 
losses of the duplex channel. 


LKS6 


The insertion loss specifica- 
tion shall be met when 


40.7.2.1 


M 


Yesfl 


The duplex channel is 
terminated in 100 Q. 


LKS7 


The return loss of each duplex 
channel shall be 


40.7.2.3 


M 


Yesfl 


As specified in 40.7.2.3 at all 
frequencies from 1 MHz to 
100 MHz. 


LKS8 


The reference impedance for 
return loss measurement shall 
be 


40.7.23 


M 


Yesfl 


100 Q. 


LKS9 


The NEXT loss between 
duplex channel pairs of a link 
segment shall be 


40.73.1.1 


M 


Yesfl 


At least 27.1 - 16.81og, 0 (/7 
100) (where/ is the frequency 
in MHz over the frequency 
range 1 MHz to 100 MHz.) 


LKSIO 


The worst case ELFEXT loss 
between duplex channel pairs 
of a link segment shall be 


40.73.2 


M 


Yesfl 


Greater than 17 - 20log, 0 (/7 
100) dB (where/ is the 
frequency in MHz) over the 
frequency range 1 MHz to 100 
MHz. 


LKSIl 


The Power Sum loss between a 
duplex channel and the three 
adjacent disturbers shall be 


40.7.3.2.2 


M 


Yesfl 


Greater than 14.4 - 201og I0 
(fl\00) dB where/is the 
frequency in MHz over the 
frequency range of 1 MHz to 
100 MHz. 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


LKSI2 


Thf* rwnnapatinn Hplnv ctf n link 
segment shall 


40.7.4.1 


M 


Yp« r i 

ies i j 


INIH CALCCLi J IKJ Mo dl all 

frequencies from 2 MHz to 
100 MHz. 


LKS13 


The difference in propagation 
del ay , or skew, between all 
duplex channel pair combina- 
tions of a link segment under 
all conditions shall not exceed 


40.7.4.2 


M 


Yes[] 


50 ns at all frequencies 
between 2 MHz and 100 MHz. 


LKS14 


Once installed, the skew 
between pairs due to environ- 
mental conditions shall not 
vary 


40.7.4.2 


M 


Yes[] 


More than ± 10 ns. 



40.12.9 MDI requirements 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


MDI1 


MDI connector 


40 .8.1 


M 


Yes[] 


8-Way connector as per IEC 
60603-7: 1990. 


MDI2 


Connector used on cabling 


40.8.1 


M 


Yes[] 


Plug. 


MDI3 


Connector used on PHY 


40.8.1 


M 


Yes[] 


Jack (as opposed to plug). 


MDI4 


MDI connector 


40.8.2 


M 


Yes[] 


A PHY that implements the 
crossover function shall be 
marked with the graphical 
symbol X. 


MDI5 


The MDI connector (jack) 
when mated with a balanced 
cabling connector (plug) shall 


40.8.3 


M 


Yes fl 


Meet the electrical 
requirements for Category 5 
connecting hardware for use 
with 100 Q Category 5 cable 
as specified in 
ANSI/TIA/EIA-568-A: 1995 
andlSO/IEC 11801:1995. 


MDI6 


The mated MDI connector and 
balanced cabling connector 
shall 


40.8.3 


M 


Yes[] 


Not have a FEXT loss greater 
than 40 - 201og, 0 (/7IOO) over 
the frequency range 1 MHz to 
100 MHz between all contact 
pair combinations shown in 
Table 40-12. 


MDI7 


No spurious signals shall be 
emitted onto the MDI when the 
PHY is held in power down 
mode as defined in 22.2.4. 1 .5, 
independent of the value of 
TXJEN, when released from 
power down mode, or when 
external power is first applied 
to the PHY. 


40.8.3 


M 


YesM 
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Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


MDI8 


The differential impedance as 
measured at the MDI for each 
transmit/receive channel shall 
be such that 


40.83.1 


M 


Yes[] 


Any reflection due to 
differential signals incident 
upon the MDI from a balanced 
cabling having an impedance 
of 100 £2 ± 15% is at least 1 6 
dB over the frequency range of 
2.0 MHz to 40 MHz and at 
least 10 - 201og 10 (/780) dB 
over the frequency range 40 
MHz to 100 MHz (f in MHz). 


MDI9 


This return loss shall be 
maintained 


40.83.1 


M 


Yes n 


At all times when the PHY is 
transmitting data or control 
symbols. 


MDI10 


The common-mode to 
differential-mode impedance 
balance of each transmit output 
shall exceed 


40.83.2 


M 


Yes[] 


The value specified by the 
equations specified in 40.83.2. 
Test mode 4 may be used to 
generate an appropriate 
transmitter output. 


MDI11 


The magnitude of the total 
common-mode output voltage, 
E cm OU f, on any transmit cir- 
cuitTwhen measured as shown 
in Figure 40-32, shall be 


40.833 


M 


Yes[] 


Less than 50 mv peak-to-peak 
when transmitting data. 


MDI12 


Each wire pair of the MDI 
shall' 


40.83.4 


M 


Yes[] 


Withstand without damage 
the application of short circuits 
across the MDI port for an 
indefinite period of time 
without damage. 


MDI13 


Each wire pair of the MDI 
shall resume 


40.83.4 


M 


Yesf] 


Normal operation after such 
faults are removed. 


MDI14 


The magnitude of the current 
through the short circuit speci- 
fied in PME64 shall not exceed 


40.83.4 


M 


Yesfl 


300 mA. 


MD115 


Each wire pair shall withstand 
without damage 


40.83.4 


M 


Yesfl 


A 1000 V common-mode 
impulse of either polarity (E cm 
as indicated in Figure 40-33). 


MD1I6 


The shape of the impulse shall 
be 


40.83.4 


M 


YesU 


03/50 us (300 ns virtual front 
time, 50 \is virtual time of half 
value), as defined in IEC 
60060. 
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40.12.10 General safety and environmental requirements 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


EN VI 


Conformance to safety 
specifications 


40.9.1 


M 


Yes[] 


IEC 60950. 


ENV2 


Installation practice 


40.9.2.1 


1NS:M 


N/A [] 
Yes[] 


Sound practice, as defined by 
applicable local codes. 


ENV3 


Care taken during installation 
to ensure that non-insulated 
network cabling conductors do 
not make electrical contact 
with unintended conductors or 
ground. 


40.9.2.2 


INS:M 


N/A[] 
Yes[] 




ENV4 


1000BASE-T equipment shall 
be capable of withstanding a 
telephone battery supply from 
the outlet as described in 
40.923. 


40.9.23 


M 


Yes[] 




ENV5 


A system integrating the 
1000BASE-T PHY shall 
comply with applicable local 
and national codes for the 
limitation of electromagnetic 
interference. 


40.93.1 


INS:M 


N/A[] 
Yes[] 





40.12.11 Timing requirements 



Item 


Feature 


Subclause 


Status 


Support 


Value/Comment 


TR1 


Every 1000BASE-TPHY 
associated with a GMII shall 


40.11.1 


M 


Yes[] 


Comply with the bit delay 
constraints specified in 
Table 40-13 for half duplex 
operation and Table 40-14 for 
full duplex operation. These 
constraints apply for all 
1000BASE-T PHYs. 


TR2 


For any given implementation, 
the assertion delays on CRS 
shall 


40.11.1 


M 


YesTl 


Be equal. 


TR3 


Every DTE with a 
1000BASE-T PHY shall 


40.11.2 


M 


YesH 


Comply with the bit delay 
constraints specified in 
Table 40-15. 


TR4 


To ensure fair access to the net- 
work, each DTE operating in 
half duplex mode shall, addi- 
tionally, satisfy the following: 


40.11.3 


M 


Yes[] 


(MAX MDI to MAC Carrier 
De-assert Detect) - (MIN MDI 
to MAC Carrier Assert Detect) 
< 16 Bit Times. 
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